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1

DETECTING AND TREATING
ELECTROMECHANICAL DISSOCIATION OF
THE HEART

This application claims the benefit of U.S. Provisional

Application No. 61/148,674, entitled, “DETECTING AND

TREATING FLECTROMECHANICAL DISSOCIATION
OF THE HEART,” and filed on Jan. 30, 2009, the entire

content of which 1s incorporated herein by reference.

TECHNICAL FIELD

The disclosure relates to medical devices and, 1n particu-
lar, medical devices configured to deliver electrical stimu-
lation therapy to a patient.

BACKGROUND

A wide variety of implantable medical devices that deliver
a therapy or momtor a physiologic condition of a patient
have been clinically implanted or proposed for climical
implantation in patients. Some implantable medical devices
may employ one or more elongated electrical leads and/or
sensors. Such implantable medical devices may deliver
therapy or monitor the heart, muscle, nerve, brain, stomach
or other organs. In some cases, implantable medical devices
deliver electrical stimulation therapy and/or monitor physi-
ological signals via one or more electrodes or sensor ele-
ments, which may be included as part of one or more
clongated implantable medical leads. Implantable medical
leads may be configured to allow electrodes or sensors to be
positioned at desired locations for delivery of stimulation or
sensing electrical depolarizations. For example, electrodes
or sensors may be located at a distal portion of the lead. A
proximal portion of the lead may be coupled to an 1implant-
able medical device housing, which may contain electronic
circuitry such as stimulation generation and/or sensing cir-
cuitry.

For example, implantable cardiac devices, such as cardiac
pacemakers or implantable cardioverter defibrillators, pro-
vide therapeutic stimulation to the heart by delivering elec-
trical signals such as pulses or shocks for pacing, cardio-
version or defibrillation pulses via electrodes of one or more
implantable leads. In some cases, an implantable cardiac
device may sense itrinsic depolarizations of the heart, and
control the delivery of therapeutic stimulation to the heart
based on the sensing. When an abnormal rhythm of the heart
1s detected, such as bradycardia, tachycardia or fibrillation,
an appropriate electrical therapy (e.g., in the form of pulses)
may be delivered to restore the normal rhythm. For example,
in some cases, an implantable medical device may deliver
pacing, cardioversion or defibrillation therapy to the heart of
the patient upon detecting ventricular tachycardia, and
deliver cardioversion or defibrillation therapy to a patient’s
heart upon detecting ventricular fibrillation. Some medical
device systems that include a neurostimulator 1n addition to
implantable cardiac device have also been proposed.

SUMMARY

In general, the disclosure 1s directed to therapy systems
for treating the electromechanical dissociation (EMD) of a
heart of a patient. In an EMD state, the heart of the patient
exhibits what may be considered typical electrical activity
(e.g., a normal sinus rhythm observed in an electrogram or
clectrocardiogram), but does not exhibit proper mechanical
contractions. In some examples, a therapy system detects an
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EMD state of the heart of the patient based on one or more
sensed physiological parameters of a patient that indicate
whether the heart 1s sufliciently contracting. The therapy
system may be configured to sense such physiological
parameters 1 conjunction with the delivery of cardioversion
or defibrillation therapy by a cardiac device. The heart may
be susceptible to entering an EMD state after delivery of
such cardioversion or defibrillation therapy.

When the therapy system determines that the heart of a
patient 1s 1n an EMD state, the therapy system generates and
delivers electrical stimulation to a tissue site of the patient to
modulate afferent nerve activity and/or inhibit efferent nerve
activity. Such electrical stimulation may be configured to
cllectively treat the EMD state, e.g., by promoting mechani-
cal contraction of the heart. The therapy system may deliver
the electrical stimulation to one or more tissue sites 1nclud-
ing least one of a nonmyocardial tissue site or a nonvascular
cardiac tissue site.

In some examples, the therapy system may monitor
autonomic nervous system activity of a patient. When the
therapy system determines that the heart of a patient 1s in an
EMD state, the therapy system determines autonomic activ-
ity (e.g., sympathetic and/or parasympathetic nervous sys-
tem activity) associated with the EMD state. Electrical
stimulation delivered to the patient to treat the EMD state
may then be determined based on the autonomic activity
associated with the EMD state. For example, the therapy
system may determine that a relatively low level of sympa-
thetic nervous system activity 1s exhibited by the patient
during the occurrence of the EMD state. In such an example,
the therapy system may deliver electrical stimulation to the
patient configured to increase sympathetic nervous system
activity 1n the patient. In this manner, as the autonomic
nervous system activity associated with the EMD state may
be an underlying cause of the EMD state, the stimulation
delivered to the patient may etlectively treat the EMD state
based on the autonomic nervous system activity associated
with the detected EMD state.

In one example, the disclosure 1s directed to a method
comprising sensing at least one physiological parameter of
a patient, determining whether a heart of the patient 1s 1n an
clectromechanical dissociation state based on the at least one
sensed physiological parameter, and delivering electrical
stimulation to a tissue site of the patient to at least one of
modulate aflerent nerve activity or inhibit efferent nerve
activity upon determining that the heart 1s in the electrome-
chanical dissociation state, wherein the tissue site comprises
at least one of a nonmyocardial tissue site or a nonvascular
cardiac tissue site.

In another example, the disclosure 1s directed to a medical
system comprising a sensor that senses at least one physi-
ological parameter of a patient, a processor that determines
whether a heart of the patient 1s 1n an electrical mechanical
dissociation state based on the at least one sensed physi-
ological parameter, and a stimulation generator that delivers
clectrical stimulation to a tissue site of the patient to at least
one of modulate aflerent nerve activity or inhibit efierent
nerve activity when the processor determines that the heart
1s 1n the electrical mechanical dissociation state, wherein the
tissue site comprises at least one of a nonmyocardial tissue
site or a nonvascular cardiac tissue site.

In another example, the disclosure 1s directed to a medical
system comprising means for sensing at least one physi-
ological parameter of a patient, means for determining
whether a heart of the patient 1s 1n an electrical mechanical
dissociation state of a heart of the patient based on the at
least one sensed physiological parameter, and means for
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delivering electrical stimulation to a tissue site of the patient
to at least one of modulate aflerent nerve activity or inhibit
cllerent nerve activity upon determining that the heart 1s 1n
the electrical mechanical dissociation state, wherein the
tissue site comprises at least one of a nonmyocardial tissue
site or a nonvascular cardiac tissue site.

In another example, the disclosure 1s direct to a method of
treating an electromechanical disassociation state of a heart
ol a patient, wherein the method 1s characterized by implant-
ing a medical device system 1n a patient, where the medical
device system comprises a stimulation generator and a
processor that determines whether the heart of the patient 1s
in the electrical mechanical dissociation state based on at
least one sensed physiological parameter and controls the
stimulation generator to deliver electrical stimulation to a
tissue site of the patient to at least one of modulate aflerent
nerve activity or inhibit efferent nerve activity upon deter-
mimng that the heart 1s in the electrical mechanical disso-
ciation state, wherein the tissue site comprises at least one of
a nonmyocardial tissue site or a nonvascular cardiac tissue
site.

In another example, the disclosure 1s directed to a method
comprising determining whether a heart of a patient 1s 1n an
clectromechanical dissociation state, determining autonomic
activity of the patient associated with the electromechanical
dissociation state, and delivering electrical stimulation to the
patient based on the determined autonomic activity of the
patient associated with the electromechanical dissociation
state.

In another example, the disclosure 1s directed to a medical
system comprising a processor that determines whether a
heart of the patient 1s 1in an electrical mechanical dissociation
state and that determines autonomic activity of the patient
associated with the electromechanical dissociation state, and
a stimulation generator that delivers electrical stimulation to
the patient based on the determined autonomic activity of
the patient associated with the electromechanical dissocia-
tion state.

In another example, the disclosure 1s directed to a medical
system comprising means for determining whether a heart of
a patient 1s 1n an electromechanical dissociation state, means

for determining autonomic activity of the patient associated
with the electromechanical dissociation state, and means for
delivering electrical stimulation to the patient based on the
determined autonomic activity of the patient associated with
the electromechanical dissociation state.

In another example, the disclosure 1s directed to a method
of treating an electromechanical disassociation state of a
heart of a patient, wherein the method 1s characterized by
implanting a medical device system 1n a patient, where the
medical device system comprises a stimulation generator,
and a processor that determines whether a heart of a patient
1s 1n an electrical mechanical dissociation state, determines
autonomic nervous system activity of the patient associated
with the electromechanical dissociation state upon determin-
ing that the heart 1s 1n the electromechanical dissociation
state, and controls the stimulation generator to deliver elec-
trical stimulation to the patient based on the determined
autonomic nervous system activity of the patient associated
with the electromechanical dissociation state.

The details of one or more examples are set forth 1n the
accompanying drawings and the description below. Other
features, objects, and advantages of the devices, systems,
and techniques of the disclosure will be apparent from the
description and drawings, and from the claims.
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a conceptual diagram 1llustrating an example
therapy system that includes an implantable cardiac device
(ICD) and an implantable neurostimulator (INS).

FIG. 2 1s a conceptual diagram illustrating another
example therapy system that includes an ICD and an INS.

FIG. 3 1s a conceptual diagram illustrating the ICD and
associated leads of the therapy systems of FIGS. 1 and 2 1n
greater detail.

FIG. 4 1s a conceptual diagram illustrating another
example ICD lead configuration.

FIG. 5 1s a conceptual diagram of another example
therapy system that includes two medical devices to provide
therapy to a patient.

FIG. 6 1s a functional block diagram of an example ICD
that generates and delivers cardiac rhythm therapy to a heart
ol a patient.

FIG. 7 1s a functional block diagram of an example INS
that generates and delivers electrical stimulation to a target
tissue site ol a patient.

FIG. 8 1s a functional block diagram of an example
medical device programmer.

FIG. 9 1s a flow diagram 1llustrating an example technique
for determining when a heart of a patient 1s 1n an EMD state
and delivering electrical stimulation to a patient upon deter-
mining the heart 1s 1n the EMD state.

FIG. 10 1s a flow diagram illustrating an example tech-
nique for determining when a heart 1s 1n an EMD state.

FIG. 11 1s a flow diagram illustrating another example
technique for determining when a heart 1s in an EMD state.

FIG. 12 1s a flow diagram illustrating an example tech-
nique for monitoring a heart of a patient for an EMD state
following delivery of defibrillation therapy to the heart.

FIG. 13 1s a flow diagram illustrating another example
technique for monitoring a heart of a patient for an EMD
state following the delivery of defibrillation therapy to the
heart.

FIG. 14 15 a flow diagram 1illustrating an example tech-
nique for delivering stimulation to a patient when the heart
of the patient 1s 1n an EMD state.

FIG. 15 1s a flow diagram illustrating an example tech-
nique for delivering stimulation to a patient when the heart
of the patient 1s 1n an EMD state.

DETAILED DESCRIPTION

FIG. 1 1s a conceptual diagram 1llustrating an example
therapy system 10 that may be used to provide therapy to
patient 12. Therapy system 10 includes implantable cardiac
device (ICD) 16, which 1s connected to leads 18, 20, and 22,
and programmer 24. ICD 16 may comprise, for example, an
implantable pacemaker, cardioverter, and/or defibrillator
that provide therapy to heart 14 of patient 12 via electrodes
connected to one or more of leads 18, 20, and 22. In some
examples, ICD 16 may deliver pacing pulses, but not
cardioversion or defibrillation pulses, while 1n other
examples, ICD 16 may deliver cardioversion or defibrilla-
tion pulses, but not pacing pulses. In addition, 1 further
examples, ICD 16 may deliver pacing, cardioversion, and
defibrillation pulses.

In some examples, ICD 16 may not deliver cardiac
rhythm management therapy to heart 14, but may instead
only sense electrical cardiac signals of heart 14 and/or other
physiological parameters of patient 12 (e.g., blood oxygen
saturation, blood pressure, temperature, heart rate, respira-
tory rate, and the like), and store the electrical cardiac
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signals and/or other physiological parameters of patient 12
for later analysis by a clinician. In such examples, ICD 16
may be referred to as a patient monitoring device. Examples
ol patient monitoring devices include, but are not limited to,
the Reveal Plus Insertable Loop Recorder, which 1s available
from Medtronic, Inc. of Minneapolis, Minn. For ease of
description, ICD 16 will be referred to herein as a cardiac
rhythm management therapy delivery device.

Therapy system 10 further comprises implantable electri-
cal stimulator 26, which 1s coupled to lead 28 and 31.
Electrical stimulator 26 may also be referred to as an
implantable neurostimulator (INS) 26. INS 26 may be any
suitable implantable medical device (IMD) that includes a
signal generator that generates electrical stimulation signals
that may be delivered to a tissue site of patient 12, e.g., tissue

proximate a vagus nerve, a spinal cord or heart 14 of patient
12. Although INS 26 1s referred to throughout the remainder

of the disclosure as a “neurostimulator” and as delivering
neurostimulation pulses, in other examples, INS 26 may
deliver electrical stimulation to any suitable nonmyocardial
tissue site within patient 12, which may or may not be
proximate a nerve.

In some examples, INS 26 may deliver stimulation signals
to any suitable tissue site to modulate the activity of the
autonomic nervous system of patient 12, e.g., parasympa-
thetic, sympathetic and/or neurohormonal activity. For
example, based on autonomic activity associated with an
detected electromechanical disassociation (EMD) state of
heart 14, INS 26 may deliver stimulation signals to any
suitable tissue site to increase or decrease sympathetic
nervous system activity. In other examples, INS 26 may
deliver electrical stimulation signals to any suitable tissue
site to at least one of modulate aflerent nerve activity or
inhibit eflerent nerve activity upon determiming that the
heart 1s 1n the EMD state.

In some examples, the target tissue site for therapy
delivery by INS 26 may include at least one of a nonmyo-
cardial tissue site or a nonvascular cardiac tissue site. A
nonmyocardial tissue site may 1nclude a tissue site that does
not include cardiac muscle (e.g., the myocardium). For
example, a nonmyocardial tissue site may be proximate a
muscle other than cardiac muscle, an organ other than the
heart, or neural tissue. A tissue site proximate a nerve may
be a neural tissue site to which delivery of electrical stimu-
lation may activate the nerve. In some examples, a tissue site
proximate a nerve may be 1 a range of about zero centi-
meters to about ten centimeters from the nerve, although
other distance ranges are contemplated and may depend
upon the nerve. The nonmyocardial tissue site may include
extravascular tissue sites or intravascular tissue sites. An
extravascular tissue site may be outside of heart 14 and
outside of arteries, veins, or other vasculature of patient 12.
In other examples, stimulation may be delivered to a non-
myocardial tissue site via electrodes of an intravascular lead
that 1s implanted within vasculature. A nonvascular cardiac
tissue site may include, for example, a cardiac fat pad.

In some examples, INS 26 may deliver electrical stimu-
lation therapy to a nerve of patient 12 via a lead implanted
within vasculature (e.g., a blood vessel) of patient 12. In
some examples, INS 26 may deliver electrical stimulation
that 1s delivered to peripheral nerves that innervate heart 14,
or fat pads on heart 14 that may contain nerve bundles. In the
example shown 1n FIG. 1, electrodes of lead 28 are posi-
tioned outside the vasculature of patient 12 and positioned to
deliver electrical stimulation to a vagus nerve (not shown) of
patient 12.
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In some examples, delivery of electrical stimulation by
INS 26 to a nonmyocardial tissue site or nonvascular cardiac
tissue site may help modulate an autonomic nervous system
of patient 12 and/or provide cardioprotective benefits to
patient 12. For example, delivery of electrical stimulation to
a tissue site proximate a nerve of patient 12 may help treat
heart failure. In addition, delivery of electrical stimulation to
a tissue site proximate a nerve of patient 12 to modulate an
autonomic nervous system of patient 12 may help reduce or
climinate cardiovascular conditions such as bradycardia,
tachycardia, unhealthy cardiac contractions, 1schemia, mnet-
ficient heart pumping, neflicient collateral circulation of
heart 14 or cardiac muscle trauma. In some examples,
delivery of electrical stimulation to a tissue site proximate a
nerve of patient 12 to modulate autonomic nervous system
activity may help treat heart 14 when 1n an EMD state.
Delivery of electrical stimulation by INS 26 may comple-
ment antitachycardia therapy (e.g., antitachycardia pacing,
cardioversion or defibrillation) by ICD 16 or provide back-
up therapy to the cardiac rhythm therapy provided by ICD
16. For example, 11 ICD 16 1s unavailable to provide therapy
to patient 12, e.g., due to a low power level, INS 26 may
deliver therapy to patient 12 to help terminate or prevent a
cardiac event (e.g., tachycardia).

As described 1n further detail below, INS 26 may also
deliver therapy to modulate aflerent nerve activity and/or
inhibit eflerent nerve activity of patient 12 in order to treat
EMD of heart 14. In general, EMD, which also may be
known as pulseless electrical activity (PEA), refers to a
patient condition characterized by the persistence of elec-
trical activity 1n heart 14 without associated mechanical
contraction, with minimal mechanical contraction or sub-
stantially 1neflective mechanical contraction. EMD may be
described as a clinical condition characterized by unrespon-
stveness and lack of palpable pulse 1n the presence of
organized cardiac electrical activity. In some cases, heart 14
may be prone to enter an EMD state after the delivery of
cardioversion or defibrillation therapy, e.g., by ICD 16, as
previously described, although 1t 1s not limited to such
situations.

When heart 14 1s 1n an EMD state, the electrical activity
of heart 14 may be indicative of a heart functioming in a
manner that includes mechanical contraction. For example,
an electrocardiogram (ECGQG) or electrogram (EGM) of heart
14 may indicate a sinus rhythm of heart 14. However,
despite the presence of relatively normal electrical activity,
heart 14 may not be mechanically contracting 1n a physi-
ologically significant manner. Physiologically significant
mechanical contractions may be, for example, contractions
necessary to supply the cardiac output (e.g., suflicient blood
flow) to meet the needs of the patient’s body. Thus, although
heart 14 may produce weak contractions when 1 an EMD
state, the contractions that produce the blood perfusion
necessary to sustain life are not present despite the persis-
tence of electrical activity in heart 14. In some cases, EMD
may be associated with the presence of electrical activity
and the absence of cardiac contractions.

In some examples, EMD may not be readily detectable by
only monitoring the electrical activity of the heart of a
patient. Accordingly, 1n order to detect EMD of heart 14,
therapy system 10 may include one or more sensors that
sense physiological parameters that indicate whether heart
14 1s contracting in a physiologically significant manner.
Examples of physiological parameters that may indicate the
extent to which heart 14 1s contracting include blood pres-
sure, blood flow, blood oxygen saturation level, movement
of cardiac muscles, heart sounds corresponding to contrac-
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tion, heart images (e.g., based on implantable ultrasonic
techniques), tissue perfusion and the like.

In some examples, INS 26 sense one or more physiologi-
cal parameters of patient 12 that indicate the relative level of
heart contraction. The sensed physiological parameter may
be used to determine when heart 14 1s 1n an electromechani-
cal dissociation (EMD) state. If INS 26 determines that heart
14 1s mm an EMD state, INS 26 may deliver stimulation
therapy to patient 12 1n order to terminate the EMD state of
heart 14. The stimulation therapy modulates aflerent nerve
activity and/or inhibits eflerent nerve activity of patient 12
in order to terminate the EMD state. The electrical stimu-
lation therapy may be delivered by INS 26 to a tissue site of
patient 12, such as, e.g., nonmyocardial tissue site or a
nonvascular cardiac tissue site.

In the example shown 1n FIG. 1, INS 26 may sense one
or more physiological parameter via one or more sensors of
lead 31, where the sensors are located proximate to heart 14.
In some examples, ICD 16 may additionally, or alternatively,
sense one or more physiological parameters of patient 12
that may be used to determine whether heart 14 1s 1n an EMD
state. In addition, system 10 may include a sensing device
separate than that of ICD 16 and INS 26 that senses one or
more physiological parameters used to determine when heart
14 1s 1n an EMD state.

As described 1n further detail below, 1n some examples,
INS 26 and/or ICD 16 monitors autonomic nervous system
activity of patient 12 to determine autonomic nervous sys-
tem activity associated with an EMD state of heart 14. The
autonomic nervous system associated with a detected EMD
state of heart 14 of patient 12 can be the state of the
autonomic nervous system at the time the EMD state is
detected, at a time preceding the detection of the EMD state
(e.g., preceding the EMD state detection by a predetermined
period of time), or at a time following the detection of the
EMD state. In examples described herein, the autonomic
nervous system associated with a detected EMD state of
heart 14 of patient 12 includes at least the state of the
autonomic nervous system activity at the time ICD 16 or
INS 26 detected the EMD state of patient 12. Autonomic
nervous system activity of patient 12 may include sympa-
thetic nervous system activity and/or parasympathetic ner-
vous system activity.

In some examples, the behavior of autonomic nervous
system activity may be an underlying cause of the EMD
state 1n patient 12. In one example, depressed sympathetic
nervous system activity may cause heart 14 to enter or
maintain an EMD state, while 1n other examples, overex-
cited sympathetic nervous system activity may cause heart
14 to enter or maintain an EMD state. As such, upon
detecting that heart 14 1s 1n an EMD state, INS 26 and/or
ICD 16 may determine the whether the EMD state 1is
accompanied by relatively low or high level of sympathetic
or other autonomic nervous system activity. As discussed 1n
turther detail with respect to FIGS. 14 and 15, ICD 16 and/or
INS 26 or another device can determine whether sympa-
thetic activity of patient 12 1s relatively high or low by
comparing one or more physiological parameters to thresh-
old values associated with the relatively low and relatively
high sympathetic activity designations.

The autonomic activity associated with a detected EMD
state may be used to select the type (e.g., as indicated by
stimulation parameter values or target stimulation sites) of
clectrical stimulation delivered to patient 12 by INS 26 (or
ICD 16) to treat the EMD state. For example, 11 depressed
sympathetic nervous system activity 1s associated with a
detected EMD state, INS 26 may deliver electrical stimula-
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tion to patient 12 configured to increase sympathetic nervous
system activity. Conversely, 11 overexcited sympathetic ner-
vous system activity 1s associated with a detected EMD
state, INS 26 may deliver electrical stimulation to patient 12
configured to decrease sympathetic nervous system activity.

INS 26 and/or ICD 16 may monitor and determine
autonomic nervous system activity of patient 12 using any
suitable technique. In some examples, electrical activity of
heart 14 may be sensed by ICD 16 and/or INS 26 (e.g., an
clectrocardiogram (ECG) or electrogram (EGM)) via one or
more clectrodes on leads 18, 20, 22, 28, 29 to identily
autonomic activity associated with (e.g., temporally corre-
lated with) a detected EMD state. For example, sensed
clectrical activity of heart 14 may be analyzed by INS 26,
ICD 16 or other device to determine the heart rate of heart
14. Sensed electrical activity of heart 14 that reflects a
relatively low heart rate, such as, e.g., about 20 to 30 beats
per minute (BPM) compared to a “normal” heart rate of
about 60 to about 70 BPM, may be indicate depressed
sympathetic activity. Similarly, sensed electrical activity of
heart 14 that reflects a relatively high heart rate, such as, e.g.,
about 100 to 120 beats per minute (BPM), may be indicate
overexcited sympathetic activity. The low heart rate, high
heart rate, and/or normal heart rate may be predetermined
and stored by ICD 16, INS 26 or another device. In other
examples, the normal heart may be determined based on, for
example, an average sensed heart rate for a predetermined
period of time preceding the detection of the EMD state. In
this way, the “normal” heart rate may be a dynamically
changing value.

Additionally or alternatively, heart rate variability (e.g.,
P-P interval vanability and/or R-R interval variability) may
also be analyzed by INS 26, ICD 16 or other device to
monitor autonomic activity to treat the detected EMD state
of patient 14. P-P or R-R interval variability refers to the
variability i the P-P or R-R interval, 1.e., the duration of
time between consecutive or successive P or R waves,
respectively. In some examples, sensed electrical activity of
heart 14 that reflects an increase 1n heart rate variability may
indicate overexcited parasympathetic nervous system activ-
ity. In this way, heart rate variability may be used as an
indicator for the nature of the autonomic nervous system
activity associated with a detected EMD state.

Additionally or alternatively, ICD 16 and/or INS 26 may
determine autonomic nervous system activity associated
with a detected EMD state of heart 14 by monitoring
clectrical activity at one or more nerve sites of patient 12 via
one or more electrodes on leads 18, 20, 22, 28, 29. For
example, INS 26 may monitor electrical activity of one or
more sympathetic or parasympathetic ganglion of patient 12
via one or more of leads 28, 29. Similarly, ICD 16 or INS
26 may monitor electrical activity of the AV node, which
may include a large number of parasympathetic nerve fibers.
As such, electrical activity monitored at the AV node may be
used as an indicator of excited or depressed parasympathetic
nervous system activity. Sensed electrical activity from one
or more nerve sites may be analyzed by ICD 16 and/or INS
26 to 1dentily depressed or overexcited autonomic nervous
system activity that may be associated with an EMD state of
patient 12.

Based on the autonomic activity determined to be asso-
ciated with the occurrence of a detected EMD state, INS 26
and/or ICD 16 may deliver electrical stimulation to patient
12 that appropriately modulates autonomic nervous system
activity of patient 12. In this way, ICD 16 and/or INS 26
controls the delivery of stimulation to patient 12 based on
the autonomic nervous system activity determined to be
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associated with the occurrence of a detected EMD state. In
some examples, INS 26 stimulates the central nervous
system to modulate parasympathetic and/or sympathetic
activity. For example, INS 26 may stimulate spinal cord 44
of the central nervous system, ¢.g., 1n the cervical, thoracic,
and/or lumbar regions. Additionally or alternatively, INS 26
may deliver peripheral nerve stimulation to patient 12 to
module autonomic nervous system activity.

INS 26 may stimulate parasympathetic and/or sympa-
thetic ganglia neural tissue of the central nervous system
proximate to spinal cord 44. Stimulating one or more
ganglion may allow INS 26 to deliver lower intensity
stimulation, e.g., lower amplitude and/or lower frequency,
than stimulating tissue of the peripheral nervous system
turther away from spinal cord 44. Additionally, 1n some
cases, ganglia may be more convement to access than
peripheral neural tissue further away from spinal cord 44.
For example, implanting leads 28 and 29 proximate to one
or more ganglion may be less invasive than implanting leads
28 and proximate to other peripheral neural tissue further
away from spinal cord 44.

Additionally or alternatively, INS 26 may stimulate the
brain of patient 12, e.g., at one or more centers that regulate
autonomic activity, such as the dorsal vagal motonucleus,
nucleus ambiguus, nucleus tractus solitarii, hypothalamus,
and/or spinal intermediolateral column. In such examples,
one or more of leads 28 and 29 may be implanted within the
brain of patient 12. Stimulation sites other than those
describe herein are contemplated.

The components of ICD 16 and INS 26 are enclosed in
separate housings, such that ICD 16 and INS 26 are physi-
cally separate devices. In other examples, the Tunctionality
of ICD 16 and INS 26 may be performed by an IMD that
includes both a cardiac therapy module that generates and
delivers at least one of pacing, cardioversion or defibrillation
therapy to patient 12 and an electrical stimulation therapy
module that generates and delivers electrical stimulation to
a target tissue site within patient 12, which may be proxi-
mate a nerve, a nonvascular cardiac tissue site, an extravas-
cular tissue site that 1s not proximate a nerve.

Leads 18, 20, 22 extend into the heart 14 of patient 12 to
sense electrical activity of heart 14 and/or deliver electrical
stimulation to heart 14. In the example shown 1n FIG. 1,
right ventricular (RV) lead 18 extends through one or more
veins (not shown), the superior vena cava (not shown), and
right atrium 30, and 1nto right ventricle 32. Left ventricular
(LV) coronary sinus lead 20 extends through one or more
veins, the vena cava, right atrium 30, and into the coronary
sinus 34 to a region adjacent to the free wall of left ventricle
36 of heart 14. Right atrial (RA) lead 22 extends through one
or more veins and the vena cava, and into the right atrium
30 of heart 14. As described 1n further detail with reference
to FIG. §, 1n other examples, an ICD may deliver stimulation
therapy to heart 14 by delivering stimulation to a nonmyo-
cardial tissue site in addition to or instead of delivering
stimulation via electrodes of intravascular leads 18, 20, 22.

ICD 16 may sense electrical signals attendant to the
depolarization and repolarization of heart 14 via electrodes
(not shown 1n FI1G. 1) coupled to at least one of the leads 18,
20, 22. In some examples, ICD 16 provides pacing pulses to
heart 14 based on the electrical signals sensed within heart
14. These electrical signals sensed within heart 14 may also
be referred to as cardiac signals or electrical cardiac signals.
The configurations of electrodes used by ICD 16 for sensing
and pacing may be unipolar or bipolar. ICD 16 may also
provide defibrillation therapy and/or cardioversion therapy
via electrodes located on at least one of the leads 18, 20, 22.
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ICD 16 may detect arrhythmia of heart 14, such as fibrilla-
tion ol wventricles 32 and 36, and deliver defibrillation
therapy to heart 14 in the form of electrical pulses. In some
examples, ICD 16 may be programmed to deliver a pro-
gression of therapies, e€.g., pulses with increasing energy
levels, until a fibrillation of heart 14 is stopped. ICD 16
detects fibrillation employing one or more fibrillation detec-

tion techniques known 1n the art.

In the example of FIG. 1, INS 26 has been implanted 1n
patient 12 proximate to an nonmyocardial target stimulation
site 40, such as a tissue site proximate a vagus nerve. For
example, INS 26 may be subcutaneously or submuscularly
implanted 1n the body of a patient 12 (e.g., 1n a chest cavity,
lower back, lower abdomen, or buttocks of patient 12). INS
26 provides a programmable stimulation signal (e.g., 1n the
form of electrical pulses or a continuous signal) that is
delivered to target stimulation site 40 by implantable medi-
cal lead 28, and more particularly, via one or more stimu-
lation electrodes carried by lead 28. Proximal end 28A of
lead 28 may be both electrically and mechanically coupled
to connector 42 of INS 26 either directly or indirectly (e.g.,
via a lead extension). In particular, conductors disposed in
the lead body may electrically connect stimulation elec-
trodes (and sense electrodes, 1f present) of lead 28 to INS 26.
Connector 42 may also be referred to as a connector block
or a header of INS 26. Proximal end 31A of lead 31 may be
both electrically and mechanically coupled to connector 42
of INS 26 either directly or indirectly (e.g., via a lead
extension). When eclectrically coupled to INS 26, sensed
information may be communicated from the sensor of lead
31 to INS 26.

INS 26 may also be referred to as a signal generator. In
some examples, lead 28 may also carry one or more sense
clectrodes to permit INS 26 to sense electrical signals from
target stimulation site 40. Furthermore, 1n some examples,
INS 26 may be coupled to two or more leads, e.g., for
bilateral or multi-lateral stimulation.

In other examples, electrodes of lead 28 may be posi-
tioned to deliver electrical stimulation to any other suitable
nerve, which may be selected to be a nerve that may be
modulated to change afferent nerve activity and/or inhibit
cllerent nerve activity of patient 12 1n order to increase the
contractility of heart 14. In addition, in other examples,
clectrodes of lead 28 or another lead electrically connected
to INS 26 may be positioned to deliver stimulation to an
organ, muscle or muscle group in patient 12, which may be
selected based on, for example, a therapy regimen selected
for a particular patient. For example, INS 26 may also
deliver electrical stimulation to a target tissue site 40 that 1s
not proximate to a nerve. For example, in some examples,
INS 26 may deliver electrical stimulation to a peripheral
nerve field site, whereby electrodes 124 (FIG. 7) of lead 28
are implanted in a region where patient 12 experiences pain.
The pain may be related to stimulation delivered by ICD 16
or a patient condition, such as angina or chronic back pain.
As other examples, INS 26 may deliver electrical stimula-
tion to a muscle, muscle group, organ, or other sites that may
not be proximate a nerve. Thus, while “neurostimulation”™
signals are primarily referred to herein, the disclosure 1s also
applicable to examples 1n which INS 26 delivers electrical
stimulation to other tissue sites.

As shown in FIG. 2, INS 26 may deliver electrical
stimulation to spinal cord 44 of patient 12 1n order to help
modulate an aflerent nerve of patient 12, inhibit eflerent
nerve activity of patient 12, or modulate autonomic nervous
system activity to improve contractility of heart 14. In
addition, stimulation of spinal cord 44 or nerves branching
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therefrom by INS 26 may help prevent or mitigate occur-
rences of tachyarrhythmias and may facilitate reduction of
the level of aggressiveness of the cardiac therapy, such as
pacing, cardioversion or defibrillation therapy, delivered by
ICD 16. In thus way, ICD 16 and INS 26 may operate 1n
conjunction with each other to help prevent arrhythmias of
heart 14 of patient 12, as well as to terminate detected
arrhythmias. In some examples, INS 26 may deliver elec-
trical stimulation during the cardiac refractory period or
blanking period to avoid interfering with the cardiac sensing,
tunction of ICD 16.

In some examples, depending upon the neurostimulation
target, the delivery of electrical stimulation by INS 26 may
also mitigate perceptible discomiort generated from the
delivery of pacing pulses or cardioversion/defibrillation
shocks by ICD 16. For example, 1f INS 26 delivers electrical
stimulation to spinal cord 44 of patient 12, the neurostimu-
lation may produce paresthesia, which may help reduce the
discomiort felt by patient 12 from the delivery of stimulation
by ICD 16.

In the example shown in FI1G. 2, INS 26 1s coupled to two
leads 28, 29 which may facilitate bilateral spinal cord
stimulation of patient 12. Leads 28, 29 may be introduced
into spinal cord 44 1n the thoracic region, as shown in FIG.
2. In other examples, leads 28, 29 may be mtroduced into
spinal cord 44 in the cervical or lumbar region. Electrodes
of leads 28, 29 may be positioned within an intrathecal space
or epidural space of spinal cord 44, or, in some examples,
adjacent nerves that branch off of spinal cord 44. In some
examples, leads 28, 29 are implanted within patient 12 and
positioned such that electrodes of leads 28, 29 deliver
clectrical stimulation to locations proximate to the T1 to T6
thoracic vertebrae of the patient’s vertebral column. For
example, electrodes of at least one of the leads 28, 29 may
span the T3 to T6 thoracic vertebrae or deliver electrical
stimulation to a tissue site proximate at least one of the T3
to T6 thoracic vertebrae. In other examples, leads 28, 29 may
be mmplanted to deliver electrical stimulation to other
regions proximate or within spinal cord 44, such as over or
near other vertebrae.

In some examples, INS 26 delivers therapy to patient 12
with a voltage amplitude of about 0.2 volts to about 12 volts,
a pulse duration of about 40 microseconds (us) to about 600
us, such as about 50 us to about 500 us), and a pulse rate of
approximately 1 Hertz (Hz) to approximately 1 kilohertz
(e.g., 10 Hz to 100 Hz). However, other stimulation param-
cter values for INS 26 are contemplated. INS 26 may deliver
clectrical stimulation to patient 12 substantially continu-
ously or periodically. In some examples, INS 26 may deliver
clectrical stimulation to patient 12 based on the timing of
clectrical stimulation by ICD 16, such as prior to the
delivery of electrical stimulation (e.g., antitachycardia pac-
ing or a defibrillation or cardioversion pulse) by 1CD 16,
during the delivery of electrical stimulation by ICD 16,
subsequent to the delivery of electrical stimulation by ICD
16 or any combination of the aforementioned times.

In addition, in some examples, INS 26 may deliver
clectrical stimulation to patient 12 based on a sensed event
or, such as atrial or ventricular depolarization, or based on a
sensed physiological condition that indicates that heart 14 1s
in an EMD state. The event or physiological condition may
be sensed by ICD 16, INS 26 or another sensing device. In
some examples, the electrical stimulation used to treat the
EMD state of heart 14 1s configured to modulate ailerent
nerve activity and/or inhibit eflerent nerve activity. In some
examples, the electrical stimulation used to treat the EMD
state of heart 14 1s configured to modulate autonomic
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nervous system activity, where the type of modulation (e.g.,
in increase or decrease sympathetic activity) 1s based on the
autonomic nerve activity determined to be associated with
the EMD state.

ICD 16 and INS 26 may commumnicate with each other 1n
order for INS 26 to time the delivery of electrical stimulation
based on the delivery of stimulation pulses by ICD 16,
where the stimulation pulses may be pacing pulses or
cardioversion/defibrillation pulses. ICD 16 and INS 26 may
communicate directly or indirectly (e.g., via an intermediate
device, such as programmer 24) using any suitable commu-
nication technique. Examples communication techniques
that may be implemented to {facilitate communication
between ICD 16 and INS 26 may include, for example,
clectrical signals transmitted through the patient’s tissue,
radiofrequency (RF) communication techniques, optical
communication techniques, ultrasonic communication tech-
niques, and the like. Communication between ICD 16 and
INS 26 may be periodic, e.g., according to a regular sched-
ule, or on an as-needed basis, e.g., when ICD 16 delivers
cardiac rhythm management therapy to patient 12.

In other examples, INS 26 may deliver electrical stimu-
lation to patient 12 independently of the cardiac rhythm
therapy delivered by ICD 16. For example, INS 26 may be
programmed to deliver electrical stimulation to patient 12
when EMD 1s detected based on one or more sensed
physiological parameters of patient 12.

The values for the therapy parameters that define the
clectrical stimulation delivered by INS 26 may be organized
into a group ol parameter values referred to as a “therapy
program” or “therapy parameter set.” ““Therapy program”™
and “therapy parameter set” are used interchangeably
heremn. In the case of electrical stimulation, the therapy
parameters may include an electrode combination, an ampli-
tude, which may be a current or voltage amplitude, and a
frequency, and, if INS 26 delivers electrical pulses, a pulse
width, and a pulse rate for stimulation signals to be delivered
to the patient. An electrode combination may include a
selected subset of one or more electrodes of lead 28, as well
as lead 29 1f INS 26 1s connected to two leads 28, 29. The
clectrode combination may also refer to the polarities of the
clectrodes 1n the selected subset. By selecting particular
clectrode combinations, a clinician may target particular
anatomic structures within patient 12. In addition, by select-
ing values for amplitude, pulse width, and pulse rate, the
physician can attempt to generate an eflicacious therapy for
patient 12 that 1s delivered via the selected electrode subset.
In some cases, INS 26 may deliver stimulation to patient 12
according to a program group that includes more than one
therapy program. The stimulation signals according to the
different therapy programs in a therapy group may be
delivered on a time-interleaved basis or substantially simul-
taneously.

The electrical stimulation parameters may also include a
duty cycle of stimulation signals, a timing of the delivery of
the electrical stimulation relative to a cardiac cycle of heart
14 of patient 12, and a wavelorm shape or a signal envelope
of the electrical stimulation signal. A signal envelope may
generally traces the outline of the amplitude of a stimulation
signal for a given period of time. The signal envelope may
characterize the amplitude ramp-up and ramp-down times,
which may be gradual or abrupt.

IT INS 26 delivers therapy to patient 12 according to two
or more ¢lectrode combinations, e.g., according to a therapy
program group including two or more therapy programs
defining at least two diflerent electrode combinations, time-
interleaving the stimulation signals defined each of the
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therapy programs may result in stimulation that 1s sequen-
tially applied to different electrodes.

In some examples, the therapy parameter values with
which INS 26 generates electrical stimulation therapy for
patient 12 may be selected based on an effect the stimulation
has on heart 14. For example, INS 26 may deliver stimula-
tion to a tissue site within patient 12 according to a first
therapy program defining values for a set of therapy param-
eters, and ICD 16 or INS 26 may assess the response of heart
14 or other portions of the cardiovascular system to the
delivery of stimulation by INS 26. For example, after
therapy delivery by INS 26 according to a first therapy
program, INS 26 may sense one or more physiological
parameters of patient 12 to determine whether heart 14 1s
mechanically contracting in a physiologically significant
manner. Example physiological parameters that indicate
heart 14 1s mechanically contracting 1n a physiologically
significant manner include, for example, blood pressure,
blood flow, tissue perfusion, blood oxygen saturation level,
movement ol cardiac muscles, heart sounds, heart images,
and tissue perfusion. The therapy program may be analyzed
based on a positive or negative response of the mechanical
activity of heart 14 to the delivery of stimulation by INS 26.
The therapy program may be selected for storage in INS 26,
e.g., for chronic therapy delivery 1t the test stimulation via
the therapy program evoked a positive response by heart 14
and/or other portions of the patient’s cardiovascular system.

Programmer 24 of FIGS. 1 and 2 may be a handheld
computing device or a computer workstation. Programmer
24 may 1nclude a user interface that receives mput from a
user. The user interface may include, for example, a keypad
and a display, which may for example, be a cathode ray tube
(CRT) display, a liquid crystal display (LCD) or light
emitting diode (LED) display. The keypad may take the
form of an alphanumeric keypad or a reduced set of keys
associated with particular functions. Programmer 24 can
additionally or alternatively include a peripheral pointing
device, such as a mouse, via which a user may interact with
the user interface. In some examples, a display of program-
mer 24 may include a touch screen display, and a user may
interact with programmer 24 via the display.

A user, such as a physician, technician, or other clinician,
may interact with programmer 24 to communicate with ICD
16 and/or INS 26. For example, the user may interact with
programmer 24 to retrieve physiological or diagnostic infor-
mation from ICD 16 and/or INS 26. A user may also interact
with programmer 24 to program ICD 16 and INS 26, ¢.g.,
select values for operational parameters of ICD 16 and INS
26, respectively.

For example, the user may use programmer 24 to retrieve
information from ICD 16 regarding the rhythm of heart 14,
trends therein over time, or tachyarrhythmia episodes. As
another example, the user may use programmer 24 to
retrieve information from ICD 16 regarding other sensed
physiological parameters of patient 12, such as electrical
depolarization/repolarization signals from the heart (e.g.,
EGM or ECG signals), intracardiac or intravascular pres-
sure, activity, posture, respiration, heart sounds, or thoracic
impedance. As another example, the user may use programs-
mer 24 to retrieve mformation from ICD 16 regarding the
performance or integrity of ICD 16 or other components of
system 10, such as leads 18, 20, and 22, or a power source
of ICD 16.

The user may use programmer 24 to program a therapy
progression, select electrodes used to deliver defibrillation
pulses, select wavetorms for the defibrillation pulse, or
select or configure a fibrillation detection algorithm for ICD
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16. The user may also use programmer 24 to program
aspects ol other therapies provided by ICD 16, such as
cardioversion or pacing therapies. In some examples, the
user may activate certain features of ICD 16 by entering a
single command via programmer 24, such as depression of
a single key or combination of keys of a keypad or a single
point-and-select action with a pointing device.

The user may use programmer 24 to retrieve information
from INS 26 regarding the performance or mtegrity of INS
26 or leads 28, 29, 30 (i1 INS 26 1s connected to more than
one lead) or a power source of INS 26. With the aid of
programmer 24 or another computing device, a user may
select values for therapy parameters for controlling therapy
delivery by INS 26. The values for the therapy parameters
may be organized 1nto a group of parameter values referred
to as a “therapy program” or “therapy parameter set.”
“Therapy program” and “therapy parameter set” are used
interchangeably herein.

Programmer 24 may communicate with ICD 16 and INS
26 via wireless communication using any techniques known
in the art. Examples of communication techniques may
include, for example, low frequency or RF telemetry, but
other techniques are also contemplated. In some examples,
programmer 24 may include a programming head that may
be placed proximate to the patient’s body near the ICD 16
and INS 26 implant sites in order to improve the quality or
security of communication between ICD 16 or INS 26,
respectively, and programmer 24.

FIG. 3 1s a conceptual diagram 1illustrating ICD 16 and
leads 18, 20, 22 of therapy system 10 1n greater detail. Leads
18, 20, 22 may be electrically coupled to a stimulation
generator, a sensing module, or other modules ICD 16 via
connector block 48. In some examples, proximal ends of
leads 18, 20, 22 may include electrical contacts that elec-
trically couple to respective electrical contacts within con-
nector block 48. In addition, in some examples, leads 18, 20,
22 may be mechanically coupled to connector block 48 with
the aid of set screws, connection pins or another suitable
mechanical coupling mechanism.

Each of the leads 18, 20, 22 includes an elongated
insulative lead body, which may carry a number of concen-
tric coiled conductors separated from one another by tubular
insulative sheaths. In the illustrated example, bipolar elec-
trodes 50 and 52 are located proximate to a distal end of lead
18. In addition, bipolar electrodes 54 and 56 are located
proximate to a distal end of lead 20 and bipolar electrodes
58 and 60 are located proximate to a distal end of lead 22.

Electrodes 50, 54 and 38 may take the form of ring
clectrodes, and electrodes 352, 56 and 60 may take the form
of extendable helix tip electrodes mounted retractably within
insulative electrode heads 62, 64, and 66, respectively. Each
of the electrodes 350, 352, 54, 56, 38, and 60 may be
clectrically coupled to a respective one of the conductors
within the lead body of its associated lead 18, 20, 22, and
thereby coupled to respective ones of the electrical contacts
on the proximal end of leads 18, 20 and 22.

Electrodes 50, 52, 54, 56, 58, and 60 may sense electrical
signals attendant to the depolarization and repolarization of
heart 14. The electrical signals are conducted to ICD 16 via
the respective leads 18, 20, 22. In some examples, ICD 16
also delivers pacing pulses via electrodes 50, 52, 54, 56, 58,
and 60 to cause depolarization of cardiac tissue of heart 14.
In some examples, as illustrated 1n FIG. 3, ICD 16 includes
one or more housing electrodes, such as housing electrode
68, which may be formed integrally with an outer surface of
hermetically-sealed housing 70 of ICD 16 or otherwise
coupled to housing 70. In some examples, housing electrode
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68 1s defined by an uninsulated portion of an outward facing
portion of housing 70 of ICD 16. Divisions between 1nsu-
lated and uninsulated portions of housing 70 may be
employed to define two or more housing electrodes. In some
examples, housing electrode 68 comprises substantially all
of housing 70. Any of the electrodes 50, 52, 54, 56, 38, and
60 may be used for unipolar sensing or pacing in combina-
tion with housing electrode 68. As described in further detail
with reference to FIG. 6, housing 70 may enclose a stimu-
lation generator that generates cardiac pacing pulses and
defibrillation or cardioversion shocks, as well as a sensing
module for monitoring the patient’s heart rhythm. In some
examples, housing electrode 68 may be used to deliver
neurostimulation signals to a nerve site of patient 12.

Leads 18, 20, 22 also include elongated electrodes 72, 74,
76, respectively, which may take the form of a coil. ICD 16
may deliver defibrillation pulses to heart 14 via any com-
bination of elongated electrodes 72, 74, 76, and housing
clectrode 68. Electrodes 68, 72, 74, 76 may also be used to
deliver cardioversion pulses to heart 14. Flectrodes 72, 74,
76 may be fabricated from any suitable electrically conduc-
tive material, such as, but not limited to, platinum, platinum
alloy or other materials known to be usable 1n 1implantable
defibrillation electrodes.

The configurations of therapy system 10 illustrated in
FIGS. 1-3 are merely examples. In other examples, a therapy
system may include epicardial leads and/or patch electrodes
instead of or in addition to the transvenous leads 18, 20, 22
illustrated 1n FIG. 1. Further, ICD 16 and INS 26 need not
be implanted within patient 12. In examples 1n which 1CD
16 1s not implanted 1 patient 12, ICD 16 may deliver
defibrillation pulses and other therapies to heart 14 wvia
percutaneous leads that extend through the skin of patient 12
to a variety of positions within or outside of heart 14 or via
external patch electrodes. In examples 1n which INS 26 is
not implanted in patient 12, INS 26 may deliver electrical
stimulation to target tissue sites within patient 12 via exter-
nal electrodes or via percutaneous leads that extend through
the skin of patient 12.

In other examples of therapy systems that provide elec-
trical stimulation therapy to heart 14, a therapy system may
include any suitable number of leads coupled to ICD 16, and
cach of the leads may extend to any location within or
proximate to heart 14. Other examples of therapy systems
may include three transvenous leads located as illustrated in
FIGS. 1 and 3, and an additional lead located within or
proximate to left atrium 38. Other examples of therapy
systems may 1nclude a single lead that extends from ICD 16
into a chamber of heart 14, such as right atrium 30, right
ventricle 32 or left ventricle 36, or two leads that extend into
a respective one of the right ventricle 26 and right atrium 28.
An example of this type of therapy system 1s shown 1n FIG.
4.

FIG. 4 1s a conceptual diagram 1illustrating another
example of therapy system 78, which includes ICD 16
connected to two leads 18, 22, rather than three leads as
shown 1n FIGS. 1-3. Leads 18, 22 are implanted within right
ventricle 32 and night atrium 30, respectively. Therapy
system 78 shown in FIG. 4 may be useful for providing
defibrillation and pacing pulses to heart 14. Therapy system
78 may further include INS 26 (not shown 1n FIG. 4), which
1s configured to deliver electrical stimulation therapy to
modulate an autonomic nervous system of patient 12, (e.g.,
via stimulation of a vagus nerve or within spinal cord 44) in
order to help prevent or mitigate an arrhythmia of patient 12
or to help improve the quality of mechanical contractions of
heart 14 when 1n an EMD state.

10

15

20

25

30

35

40

45

50

55

60

65

16

FIG. 5 1s a conceptual diagram of another example
therapy system 80 that includes two medical devices to
provide therapy to patient 12. In addition to INS 26 (lead 31
1s not shown 1n FIG. §), therapy system 80 includes ICD 82,
which delivers electrical stimulation to heart 14 without
intravascular leads. ICD 82 1s coupled to extravascular leads
83, 84, which each include at least one electrode 85, 86,
respectively. Electrodes 85, 86 may be subcutaneous coil
clectrodes, which may be positioned within a subcutaneous
tissue layer of patient 12. In other examples, electrodes 85,
86 may comprise any other suitable type of extravascular
clectrode. For example, electrodes 85, 86 may include any
other type of subcutaneous electrode, such as subcutaneous
ring electrodes, subcutaneous plate electrodes, subcutaneous
patch or pad electrodes, or any other type of electrode, such
as a submuscular electrode, an epicardial electrode or an
intramural electrode.

Electrodes 85 may be located within the thoracic cavity of
patient 12 proximate to right ventricle 32 (FIG. 1), on the
patient’s side or back, or any other portion of the body
approprate for providing electrical stimulation to heart 14.
Electrode 86 may be located within the thoracic cavity of
patient 12 proximate leit ventricle 36 (FIG. 1), on the
patient’s side or back, or any other portion of the body
appropriate for providing electrical stimulation to the heart.
Similar extravascular electrodes are disclosed 1n commonly-
assigned U.S. Pat. No. 5,261,400 to Bardy, which 1s entitled
“DEFIBRILLATOR EMPLOYING TRANSVENOUS
AND SUBCUTANEOUS ELECTRODES AND METHOD
OF USE” and 1ssued Nov. 16, 1993, and U.S. Pat. No.
5,292,338 to Bardy, which 1s entitled “ATRIAL DEFIBRIL-
LATOR EMPLOYING TRANSVENOUS AND SUBCU-
TANEOUS ELECTRODES AND METHOD OF USE” and
issued Mar. 8, 1994, U.S. Pat. Nos. 5,261,400 and 5,292,338
are 1neerperated herein by reference in their entireties.

Leads 83, 84 may be clectrically coupled to stimulation
modules, and, 1n some cases, sensing modules, that are
enclosed within outer housing 87 of ICD 82. As with
housing 70 of ICD 16 (FIG. 3), outer housing 87 may
comprise a hermetic housing that substantially encloses the
components of ICD 82, such as a sensing module, stimula-
tion generator, processor and the like. Components of an
example ICD 16 or ICD 82 are described with respect to
FIG. 6. ICD 82 may deliver electrical stimulation (e.g.,
pacing, cardioversion or defibrillation pulses) to heart 14
between electrodes 85, 86 ¢.g., in a bipolar configuration. In
other examples, ICD 82 may deliver electrical stimulation to
heart 14 between electrodes 85 and housing 87 (or an
clectrode attached to an outer surface of housing 87), or
between electrode 86 and housing 87, e.g., in a unipolar
configuration.

While the disclosure primarily refers to therapy system 10
including ICD 16 (FIG. 1) and INS 26, the description of the
techniques, systems, and devices herein are also applicable
to therapy system 80 including ICD 82 and INS 26.

FIG. 6 1s a functional block diagram of an example
configuration of ICD 16, which includes processor 90,
memory 92, stimulation generator 94, sensing module 96,
telemetry module 98, and power source 100. The block
diagram shown in FIG. 6 may also illustrate an example
configuration of ICD 82 (FIG. 5). Memory 92 includes
computer-readable 1nstructions that, when executed by pro-
cessor 90, cause ICD 16 and processor 90 to perform various
functions attributed to ICD 16 and processor 90 herein.
Memory 92 may include any volatile, non-volatile, mag-
netic, optical, or electrical media, such as a random access
memory (RAM), read-only memory (ROM), non-volatile
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RAM (NVRAM), electrically-erasable programmable ROM
(EEPROM), flash memory, or any other digital media.
Processor 90 may include any one or more ol a micro-
processor, a controller, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field-pro-
grammable gate array (FPGA), or equivalent discrete or
integrated logic circuitry. In some examples, processor 90
may include multiple components, such as any combination
ol one or more microprocessors, one or more controllers,
one or more DSPs, one or more ASICs, or one or more
FPGAs, as well as other discrete or integrated logic circuitry.
The functions attributed to processor 90 herein may be
embodied as software, firmware, hardware or any combina-
tion thereof. Processor 90 controls stimulation generator 94
to deliver stimulation therapy to heart 14 according to a
selected one or more of therapy programs, which may be
stored 1n memory 92. Specifically, processor 90 may control
stimulation generator 94 to deliver electrical pulses with the
amplitudes, pulse widths, frequency, or electrode polarities
specified by the selected one or more therapy programs.

Stimulation generator 94 1s electrically coupled to elec-
trodes 50, 52, 54, 56, 58, 60, 68, 72, 74, and 76, ¢.g., via
conductors of the respective lead 18, 20, 22, or, 1n the case
of housing electrode 68, via an electrical conductor disposed
within housing 70 of ICD 16. Stimulation generator 94 1s
configured to generate and deliver electrical stimulation
therapy to heart 14 to manage rhythm of heart 14. For
example, stimulation generator 94 may deliver defibrillation
shocks to heart 14 via at least two electrodes 68, 72, 74, 76.
Stimulation generator 94 may deliver pacing pulses via ring
clectrodes 50, 54, 58 coupled to leads 18, 20, and 22,
respectively, helical electrodes 52, 56, and 60 of leads 18,
20, and 22, respectively, and/or housing electrode 68. In
some examples, stimulation generator 94 delivers pacing,
cardioversion or defibrillation therapy in the form of elec-
trical pulses. In other examples, stimulation generator 94
may deliver one or more of these types of therapy 1n the form
of other signals, such as sine waves, square waves, or other
substantially continuous time signals.

In some examples, stimulation generator 94 may include
a switch module and processor 90 may use the switch
module to select, e.g., via a data/address bus, which of the
available electrodes are used to deliver defibrillation pulses
or pacing pulses. The switch module may include a switch
array, switch matrix, multiplexer, or any other type of
switching device suitable to selectively couple stimulation
energy to selected electrodes. In other examples, however,
stimulation generator 94 may independently deliver stimu-
lation to electrodes 50, 52, 54, 56, 58, 60, 68, 72, 74, and 76
or selectively sense via one or more of electrodes 50, 52, 54,
56, 58, 60, 68, 72, 74, and 76 without a switch matrix.

Sensing module 96 monitors signals from at least one of
electrodes 50, 52, 54, 56, 58, 60, 68, 72, 74, and 76 1n order
to monitor electrical activity of heart 14, e.g., via an EGM
signal. Sensing module 96 may also include a switch module
(not shown 1 FIG. 6) to select which of the available
clectrodes are used to sense the heart activity. In some
examples, processor 90 may select the electrodes that func-
tion as sense electrodes via the switch module within
sensing module 96, ¢.g., by providing signals via a data/
address bus. In some examples, sensing module 96 includes
one or more sensing channels, each of which may comprise
an amplifier. In response to the signals from processor 90,
the switch module of within sensing module 96 may couple
the outputs from the selected electrodes to one of the sensing,
channels.
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In some examples, sensing module 96 may include a
plurality of channels. One channel of sensing module 96
may include an R-wave amplifier that receives signals from
clectrodes 50 and 52, which are used for pacing and sensing
in right ventricle 32 of heart 14. Another channel may
include another R-wave amplifier that receives signals from
clectrodes 54 and 56, which are used for pacing and sensing
proximate to left ventricle 36 of heart 14. In some examples,
in one operating mode of sensing module 96, the R-wave
amplifiers may take the form of an automatic gain controlled
amplifier that provides an adjustable sensing threshold as a
function of the measured R-wave amplitude of the heart
rhythm.

In addition, 1n some examples, one channel of sensing
module 96 may include a P-wave amplifier that receives
signals from electrodes 58 and 60, which are used for pacing
and sensing 1n right atrium 30 of heart 14. In some examples,
in one operating mode of sensing module 96, the P-wave
amplifier may take the form of an automatic gain controlled
amplifier that provides an adjustable sensing threshold as a
function of the measured P-wave amplitude of the heart

rhythm. Examples of R-wave and P-wave amplifiers are
described 1n U.S. Pat. No. 5,117,824 to Keimel et al., which

1ssued on Jun. 2, 1992 and 1s entitled, “APPARATUS FOR
MONITORING ELECTRICAL PHYSIOLOGIC SIG-
NALS,” and 1s incorporated herein by reference in its
entirety. Other amplifiers may also be used. Furthermore, 1n
some examples, one or more of the sensing channels of
sensing module 96 may be selectively coupled to housing
clectrode 68, or elongated electrodes 72, 74, or 76, with or
instead of one or more of electrodes 50, 52, 54, 56, 58 or 60,
¢.g., for unipolar sensing of R-waves or P-waves 1n any of
chambers 30, 32, or 36 of heart 14.

In some examples, sensing module 96 includes a channel
that comprises an amplifier with a relatively wider pass band
than the R-wave or P-wave amplifiers. Signals from the
selected sensing electrodes that are selected for coupling to
this wide-band amplifier may be provided to a multiplexer,
and thereafter converted to multi-bit digital signals by an
analog-to-digital converter for storage 1n memory 92 as an
clectrogram (EGM). In some examples, the storage of such
EGMSs in memory 92 may be under the control of a direct
memory access circuit. Processor 90 may employ digital
signal analysis techniques to characterize the digitized sig-
nals stored in memory 92 to detect and classity the patient’s
heart rhythm from the electrical signals. Processor 90 may
detect and classily the heart rhythm of patient 12 by employ-
ing any of the numerous signal processing methodologies
known 1n the art.

In some examples, sensing module 96 may monitor
clectrical activity of heart 14 via at least one of electrodes
50, 52, 54, 56, 58, 60, 68, 72, 74, and 76. The sensed
clectrical activity may be analyzed by processor 90 to
determine if the electrical activity 1s consistent with that of
heart 14 generating mechanical contractions. As described in
further detail below, the sensed electrical activity may be
evaluated 1n view of the one or more physiological param-
cters of patient 12 other than electrical cardiac activity to
determine an EMD state of heart 14. For example, 11 the
sensed electrical cardiac activity indicates heart 14 1s 1 a
sinus rhythm but the one or more sensed physiological
parameters of patient 12 indicate heart 14 1s not generating
mechanical contractions or physiologically significant
mechanical contractions, then either ICD 16, INS 26 or
another device (e.g., programmer 24) may determine that
heart 14 1s 1n an EMD state. Upon determiming heart 14 1s
in an EMD state, electrical stimulation therapy may be
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delivered to a tissue site of patient 12 to modulate aflerent
nerve activity and/or inhibit efferent activity. Such stimula-
tion may help terminate the EMD state by, for example,
increasing the contraction of cardiac muscle of heart 14. In
other examples, INS 26 or a suitable sensing device, rather
than ICD 16, may sense the electrical activity of heart 14, as
described, to determine if heart 14 1s 1n an EMD state.

Additionally or alternatively, the electrical activity of
heart 14 monitored by sensing module 96 may be analyzed
by processor 90 to determine autonomic nervous system
activity associated with an EMD state of heart 14. If the
sensed electrical activity retlects depressed or overexcited
autonomic activity (e.g., sympathetic or parasympathetic
nervous system activity) associated with an EMD state, then
INS 26, ICD 16, or other device may deliver electrical
stimulation to module autonomic activity of patient 12 based
on the autonomic activity determined to be associated with
the EMD state. For example, if processor 90 or a processor
of INS 26 determines that the sensed electrical activity
indicates overexcited sympathetic activity (e.g., based on a
relatively high heart rate) just before or during the detection
of an EMD state, then INS 26 can control the delivery of
clectrical stimulation therapy to a nonmyocardial tissue site
or a nonvascular cardiac tissue site of patient 12 to decrease
or depress sympathetic activity. Such stimulation may help
terminate the EMD state and help address an underlying
cause ol the EMD state. In other examples, INS 26 or a
suitable sensing device, rather than ICD 16, may sense the
clectrical activity of heart 14, as described, to determine
autonomic nervous system activity associated with an EMD
state.

It ICD 16 1s configured to generate and deliver pacing
pulses to heart 14, processor 90 may include a pacer timing
and control module, which may be embodied as hardware,
firmware, soitware, or any combination thereof. The pacer
timing and control module may comprise a dedicated hard-
ware circuit, such as an ASIC, separate from other processor
90 components, such as a microprocessor, or a software
module executed by a component of processor 90, which
may be a microprocessor or ASIC. The pacer timing and

control module may include programmable counters which

control the basic time intervals associated with DDD, VVI,
DVI, VDD, AAI, DDI, DDDR, VVIR, DVIR, VDDR,

AAIR, DDIR and other modes of single and dual chamber
pacing. In the aforementioned pacing modes, “D” may
indicate dual chamber, “V” may indicate a ventricle, “I” may
indicate inhibited pacing (e.g., no pacing), and “A” may
indicate an atrium. The first letter 1n the pacing mode may
indicate the chamber that 1s paced, the second letter may
indicate the chamber 1n which an electrical signal 1s sensed,
and the third letter may indicate the chamber 1n which the
response to sensing 1s provided. When a pacing code
includes “D” as the third letter 1n the code, 1t may indicate
that the sensed signal 1s used for tracking purposes.
Intervals defined by the pacer timing and control module
within processor 90 may include atrial and ventricular
pacing escape intervals, refractory periods during which
sensed P-waves and R-waves are ietlective to restart timing
of the escape 1ntervals, and the pulse widths of the pacing
pulses. As another example, the pacer timing and control
module may define a blanking period, and provide signals
from sensing module 96 to blank one or more channels, e.g.,
amplifiers, for a period during and after delivery of electrical
stimulation to heart 14. The durations of these intervals may
be determined by processor 90 1n response to stored data in
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memory 92. The pacer timing and control module of pro-
cessor 90 may also determine the amplitude of the cardiac
pacing pulses.

During pacing, escape interval counters within the pacer
timing/control module of processor 90 may be reset upon
sensing of R-waves and P-waves. Stimulation generator 94
may 1nclude pacer output circuits that are coupled, e.g.,
selectively by a switching module, to any combination of
electrodes 50, 52, 54, 56, 58, 60, 68, 72, 74, and 76
approprate for delivery of a bipolar or unipolar pacing pulse
to one of the chambers of heart 14. Processor 90 may reset
the escape interval counters upon the generation of pacing
pulses by stimulation generator 94, and thereby control the
basic timing of cardiac pacing functions, including anti-
tachyarrhythmia pacing.

The value of the count present in the escape interval
counters when reset by sensed R-waves and P-waves may be
used by processor 90 to measure the durations of R-R
intervals, P-P intervals, P-R intervals and R-P intervals,
which are measurements that may be stored in memory 92.
Processor 90 may use the count in the interval counters to
detect a tachyarrhythmia event, such as ventricular fibrilla-
tion event or ventricular tachycardia event. Upon detecting
a threshold number of tachyarrhythmia events, processor 90
may 1dentily the presence of a tachyarrhythmia episode,
such as a ventricular fibrillation episode, a ventricular tachy-
cardia episode, or a non-sustained tachycardia (NST) epi-
sode. Examples of tachyarrhythmia episodes that may
qualify for delivery of responsive therapy include a ven-
tricular fibrillation episode or a ventricular tachyarrhythmia
episode. In the case of a NST, however, the count in the
interval counters may not meet the requirements for trig-
gering a therapeutic response.

In some examples, processor 90 may operate as an
interrupt driven device, and 1s responsive to interrupts from
the pacer timing and control module, where the interrupts
may correspond to the occurrences of sensed P-waves and
R-waves and the generation of cardiac pacing pulses. Any
necessary mathematical calculations to be performed by
processor 90 and any updating of the values or intervals
controlled by the pacer timing and control module of pro-
cessor 90 may take place following such interrupts. A
portion of memory 92 may be configured as a plurality of
recirculating butlers, capable of holding series of measured
intervals, which may be analyzed by processor 90 1n
response to the occurrence of a pace or sense interrupt to
determine whether heart 14 of patient 12 1s presently exhib-
iting atrial or ventricular tachyarrhythmia.

In some examples, an arrhythmia detection method may
include any suitable tachyarrhythmia detection algorithms.
In one example, processor 90 may utilize all or a subset of
the rule-based detection methods described 1n U.S. Pat. No.
5,545,186 to Olson et al., entitled, “PRIORITIZED RULE
BASED METHOD AND APPARATUS FOR DIAGNOSIS
AND TREATMENT OF ARRHYTHMIAS,” which 1ssued
on Aug. 13, 1996, or 1n U.S. Pat. No. 35,755,736 to Gillberg
et al., entltled “PRIORITIZED RULE BASED METHOD
AND APPARATUS FOR DIAGNOSIS AND TREAT-
MENT OF ARRHYTHMIAS,” which 1ssued on May 26,
1998. U.S. Pat. No. 5,545,186 to Olson et al. and U.S. Pat.
No. 3,753,736 to Glllberg et al. are incorporated herein by
reference 1n their entiretiecs. However, other arrhythmia
detection methodologies may also be employed by processor
90 1n other examples.

In the examples described herein, processor 90 may
identify the presence of an atrial or ventricular tachyarrhyth-
mia episode by detecting a series of tachyarrhythmia events




US 9,814,886 B2

21

(e.g., R-R or P-P intervals having a duration less than or
equal to a threshold) of an average rate indicative of tach-
yarrhythmia or an unbroken series of short R-R or P-P
intervals. The thresholds for determining the R-R or P-P
interval that indicates a tachyarrhythmia event may be stored
within memory 92 of ICD 16. In addition, the number of
tachyarrhythmia events that are detected to confirm the
presence ol a tachyarrhythmia episode may be stored as a
number ol intervals to detect (NID) threshold value in
memory 92. In some examples, processor 90 may also
identify the presence of the tachyarrhythmia episode by
detecting a variability of the intervals between tachycardia
events. For example, 1 the interval between successive
tachyarrhythmia events varies by a particular percentage or
the differences between the coupling intervals are higher
than a given threshold over a predetermined number of
successive cycles, processor 90 may determine that the
tachyarrhythmia 1s present.

If processor 90 detects an atrial or ventricular tachyar-
rhythmia based on signals from sensing module 96, and an
anti-tachyarrhythmia pacing regimen i1s desired, timing
intervals for controlling the generation of anti-tachyarrhyth-
mia pacing therapies by stimulation generator 94 may be
loaded by processor 90 into the pacer timing and control
module to control the operation of the escape interval
counters therein and to define refractory periods during
which detection of R-waves and P-waves 1s 1neflective to
restart the escape interval counters.

If ICD 16 1s configured to generate and deliver defibril-
lation pulses to heart 14, stimulation generator 94 may
include a high voltage charge circuit and a high voltage
output circuit. In the event that generation of a cardioversion
or defibrillation pulse 1s required, processor 90 may employ
the escape interval counter to control timing of such car-
dioversion and defibrillation pulses, as well as associated
refractory periods. In response to the detection of atrial or
ventricular fibrillation or tachyarrhythmia requiring a car-
dioversion pulse, processor 90 may activate a cardioversion/
defibrillation control module, which may, like pacer timing
and control module, be a hardware component of processor
90 and/or a firmware or software module executed by one or
more hardware components of processor 90. The cardiover-
sion/defibrillation control module may initiate charging of
the high voltage capacitors of the high voltage charge circuit
of stimulation generator 94 under control of a high voltage
charging control line.

Processor 90 may monitor the voltage on the high voltage
capacitor, e.g., via a voltage charging and potential (VCAP)
line. In response to the voltage on the high voltage capacitor
reaching a predetermined value set by processor 90, proces-
sor 90 may generate a logic signal that terminates charging.
Thereatfter, timing of the delivery of the defibrillation or
cardioversion pulse by stimulation generator 94 1s controlled
by the cardioversion/defibrillation control module of pro-
cessor 90. Following delivery of the fibrillation or tachy-
cardia therapy, processor 90 may return stimulation genera-
tor 94 to a cardiac pacing function and await the next
successive terrupt due to pacing or the occurrence of a
sensed atrial or ventricular depolarization.

Stimulation generator 94 may deliver cardioversion or
defibrillation pulses with the aid of an output circuit that
determines whether a monophasic or biphasic pulse 1is
delivered, whether housing electrode 68 serves as cathode or
anode, and which electrodes are mnvolved 1n delivery of the
cardioversion or defibrillation pulses. Such functionality
may be provided by one or more switches or a switching,
module of stimulation generator 94.
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Telemetry module 98 includes any suitable hardware,
firmware, software or any combination thereol for commu-
nicating with another device, such as INS 26 or programmer
24 (FI1G. 1). Under the control of processor 90, telemetry
module 98 may receive downlink telemetry from and send
uplink telemetry to programmer 24 with the aid of an
antenna, which may be internal and/or external. Processor
90 may provide the data to be uplinked to programmer 24
and the control signals for the telemetry circuit within
telemetry module 98, e.g., via an address/data bus. In some
examples, telemetry module 98 may provide received data
to processor 90 via a multiplexer.

In some examples, processor 90 may transmit atrial and
ventricular heart signals (e.g., ECG signals) produced by
atrial and ventricular sense amp circuits within sensing
module 96 to programmer 24. Programmer 24 may terro-
gate ICD 16 to receive the heart signals. Processor 90 may
store heart signals within memory 92, and retrieve stored
heart signals from memory 92. Processor 90 may also
generate and store marker codes indicative of different
cardiac episodes that sensing module 96 detects, and trans-
mit the marker codes to programmer 24. An example pace-
maker with marker-channel capability 1s described 1n U.S

Pat. No. 4,374,382 to Markowitz, entitled, “MARKER
CHANNEL TELEMETRY SYSTEM FOR A MEDICAL
DEVICE,” which 1ssued on Feb. 15, 1983 and is 1ncorpo-
rated herein by reference 1n 1ts entirety.

The various components of ICD 16 are coupled to power
source 100, which may include a rechargeable or non-
rechargeable battery. A non-rechargeable battery may be
selected to last for several years, while a rechargeable
battery may be inductively charged from an external device,
¢.g., on a daily or weekly basis. Examples of a rechargeable
battery include, but are not limited to, a lithium 10n battery,
a lithrum polymer battery or a supercapacitor.

In some examples, data from sensing module 96 may be
uploaded to a remote server, from which a clinician or
another user may access the data to determine whether a
potential sensing integrity 1ssue exists. An example of a
remote server includes the Carel.ink Network, available
from Medtronic, Inc. of Minneapolis, Minn.

Telemetry module 98 may also be useful for communi-
cating with INS 26, which may also include a telemetry
module as described with respect to FIG. 7. In some
examples, INS 26 and ICD 16 may communicate with each
other by way of RF communication techmques supported by
the respective telemetry modules. In addition to or instead of
the RF communication techniques, INS 26 and ICD 16 may
communicate with each other by generating electrical com-
munication signals that are sensed via the other device.

An example of a suitable communication technique for
exchanging information between ICD 16 and INS 26 1is
described in commonly-assigned U.S. Pat. No. 4,987,897 to
Funke, which 1s entitled, “BODY BUS MEDICAL DEVICE
COMMUNICATION SYSTEM.,” and 1ssued on Jan. 29,
1991 and 1s incorporated herein by reference 1n 1ts entirety.

FIG. 7 1s a functional block diagram of an example INS
26. INS 26 includes processor 110, memory 112, stimulation
generator 114, switching module 116, telemetry module 118,
sensing module 119, and power source 120. In the example
shown 1 FIG. 7, processor 110, memory 112, stimulation
generator 114, switching module 116, telemetry module 118,
sensing module 119, and power source 120 are enclosed
within outer housing 122, which may be, for example a
hermetic housing. As shown 1n FIG. 7, stimulation generator
114 1s coupled to lead 28 either directly or indirectly (e.g.,
via a lead extension). Alternatively, stimulation generator
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114 may be coupled to more than one lead directly or
indirectly (e.g., via a lead extension, such as a bifurcating
lead extension that may electrically and mechanically couple
to two leads) as needed to provide neurostimulation therapy
to patient 12. Similarly, as shown in FIG. 7, sensing module
119 1s coupled to lead 31 directly or indirectly (e.g., via a
lead extension). Alternatively, sensing module 119 may be
couple to more than one lead directly or indirectly as needed
to sense one or more physiological parameters of patient that
may be used to detect the EMD state of heart 14, as
described herein. The physiological parameters may indicate
whether heart 14 1s providing suflicient cardiac output. The
lack of suflicient cardiac output combined with an electrical
cardiac signal that indicates heart 14 1s 1n a sinus rhythm
may indicate patient 12 1s 1n an EMD state.

In the example illustrated 1n FIG. 7, lead 28 includes
clectrodes 124A-124D (collectively referred to as “elec-
trodes 124”). Electrodes 124 may comprise ring electrodes.
In other examples, electrodes 124 may be arranged 1n a
complex electrode array that includes multiple non-contigu-
ous electrodes at different angular positions about the outer
circumference of lead 28, as well as different levels of
clectrodes spaced along a longitudinal axis of lead 28. The
configuration, type, and number of electrodes 124 1llustrated
in FIG. 7 are merely exemplary. In other examples, INS 26
may be coupled to any suitable number of leads with any
suitable number and configuration of electrodes. Moreover,
lead 28 may comprise a shape other than a cylindrical shape.
As an example, lead 28 may comprise a paddle-shaped
portion that carries electrodes 124.

Memory 112 includes computer-readable instructions
that, when executed by processor 110, cause INS 26 to
perform various functions. Memory 112 may include any
volatile, non-volatile, magnetic, optical, or electrical media,
such as a RAM, ROM, NVRAM, EEPROM, tflash memory,
or any other digital media. Memory 112 may store therapy
programs, which may be stored in therapy program groups,
and operating instructions. The therapy programs may
define a particular program of therapy in terms of respective
values for electrical stimulation parameters, such as elec-
trode combination, electrode polarity, current or voltage
amplitude, pulse width and pulse rate. A program group may
comprise a plurality of therapy programs that may be
delivered together on an overlapping or non-overlapping
basis. The stored operating instructions may guide the
general operation of INS 26 under control of processor 110,
and may include 1nstructions for measuring the impedance
of electrodes 124.

Stimulation generator 114 generates stimulation signals,
which may be pulses as primarily described herein, or
continuous time signals, such as sine waves, for delivery to
patient 12 via selected combinations of electrodes 124.
Processor 110 controls stimulation generator 114 according
to stored therapy programs and/or program groups 1in
memory 112 to apply particular stimulation parameter val-
ues specified by one or more of programs, such as amplitude,
pulse width, and pulse rate. Processor 110 may include any
one or more microprocessors, controllers, a DSPs, ASICs,
FPGASs, or equivalent discrete or integrated digital or analog
logic circuitry, and the functions attributed to processor 110
herein may be embodied as soitware, firmware, hardware or
any combination thereof.

Processor 110 may also control switching module 116 to
apply the stimulation signals generated by stimulation gen-
erator 114 to selected combinations of electrodes 124. In
particular, switching module 116 couples stimulation signals
to selected conductors within leads 28 which, 1n turn, deliver
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the stimulation signals across selected electrodes 124.
Switching module 116 may be a switch array, switch matrix,
multiplexer, or any other type of switching device suitable to
selectively couple stimulation energy to selected electrodes.
Hence, stimulation generator 114 1s coupled to electrodes
124 via switching module 116 and conductors within leads
28. In some examples, INS 26 does not include switching
module 116.

Stimulation generator 114 may be a single or multi-
channel stimulation generator. In particular, stimulation gen-
erator 114 may be capable of delivering a single stimulation
pulse, multiple stimulation pulses, or a continuous signal at
a given time via a single electrode combination or multiple
stimulation pulses at a given time via multiple electrode
combinations. In some examples, however, stimulation gen-
erator 114 and switching module 116 are configured to
deliver multiple channels on a time-interleaved basis. In this
case, switching module 116 serves to time division multi-
plex the output of stimulation generator 114 across diflerent
clectrode combinations at different times to deliver multiple
programs or channels of stimulation energy to patient 12.

Sensing module 119 may sense one or more physiological
parameters of patient 12 via sensor 121 of lead 31. As
described in greater detail below, the one or more physi-
ological parameters of patient 12 sensed by sensing module
119 may include physiological parameters appropriate for
determining 11 heart 14 1s 1n an EMD state. For example,
sensor module 119 may be configured to sense one or more
physiological parameters indicative of mechanical contrac-
tion of heart 14 via sensor 121. In some examples, sensing
module 119 senses one or more of blood pressure and blood
flow via sensor 121. Blood flow and blood pressure may
change as a function of mechanical contraction of heart 14.
A blood pressure or blood tflow through heart 14 or other
vasculature (e.g., blood vessels or arteries) that falls below
a particular threshold or decreases by a particular rate may
indicate that heart 14 1s not sufhliciently contracting.

Other physiological parameters indicative of mechanical
contraction of heart 14 includes tissue perfusion or blood
oxygen saturation. Tissue perfusion and blood oxygen satu-
ration may be sensed using any suitable technique, such as
an optical perfusion sensor, a pulse oximeter, or a blood
pressure pulse (e.g., a palpitation) detector. A pulse or
palpitation detector can be, for example, by a sensor that
detects rapid changes in perfusion that occur during a
normal heart beat cycle, such as, e.g., an optical perfusion
Sensor, or a pressure or strain gauge sensor that detects blood
vessel dilation/contraction. An optical perfusion sensor may
detect general perfusion state associated with adequate heart
function or 1nadequate heart function, or the optical pertfu-
sion sensor may detect relatively rapid changes 1n tissue
perfusion that occur during a heartbeat that 1s pulsatile,
thereby 1ndicating some level of mechanical contraction of
heart 14 1s present. In some examples, an optical perfusion
sensor, pulse oximeter, or blood pressure pulse detector may
be positioned at a remote location from that of heart 14
and/or may be located at or adjacent to the housing of an
IMD, such as, e.g., the housing of IMD 16 or IMD 26.

Example systems and techniques for momnitoring tissue

perfusion may include those described 1n U.S. patent appli-
cation Ser. No. 11/963,045, entitled “OPTICAL SENSOR

AND METHOD FOR DETECTING A PATIENT CONDI-
TION,” and filed Dec. 21, 2007, the entire content of which
1s icorporated herein by reference. As described, in some
examples, tissue perfussion may be monitored using a light
source emitting a light signal and light detector receiving

emitted light scattered by the volume of body tissue. The
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light dector emits a signal having an alternating current (AC)
component corresponding to the pulsatility of blood flow 1n
the body tissue volume. In response to the AC component of
the light detector signal, a processor may determine a patient
condition (e.g., a heart rhythm). In some examples, a pul-
satility metric may be to detected heart rate of a patient. The
heart rate detected by the pulsatility metric may be com-
pared to a heart rate determined based on monitored elec-
trical signals (e.g., ECG) of a heart to confirm the heart rate
indicated by the electrical signals. Using such a technique,
tissue perfusion and/or pulsatility may be monitored to
detect an EMD state of heart 14, e.g., an EMD state may be
detected when the rate indicated by the pulsatility 1s con-
sistent with lack of physiological sigmificant mechanical
contractions of heart 14 but the electrical activity of heart 14,
¢.g., ECG/EEG signals, during approximately the same time
period 1s indicative of mechanical contraction of heart 14.

Various hemodynamic characteristics may be derived
from relative changes 1n a blood oxygen saturation level or
tissue perfusion of a patient, such as, e.g., relative changes
in the blood pressure of the patient or the relative blood tlow
through a particular blood mass (e.g., a blood vessel or other
vasculature), the presence of an acceptable blood tlow pulse
and/or the presence of palpitation. Therefore, blood oxygen
saturation levels may be useful for determining whether
heart 14 1s contracting 1n a physiologically significant man-
ner.

Additionally, in some examples, sensing module 119
senses electrical activity of heart 14 via sensor 121. Accord-
ingly, sensor 121 may be any suitable type sensor capable of
sensing the desired physiological parameter. In some
examples, sensor 121 communicates parameter information
to sensing module 119 via a wired connection, e.g., via lead
31. Alternatively, sensor 121 may communicate sensed
parameter information to sensing module via a wireless
connection, 1n which case sensor 121 may be physically
separate from housing 122 and lead 31 may be eliminated
from the therapy system. Sensing module 119 may commu-
nicate sensed physiological parameter information to pro-
cessor 110, which may analyze the parameter information to
determine 11 heart 14 1s 1n an EMD state.

Sensing module 119 may also sense electrical activity of
heart 14 and/or one or more nerves of patient 12. The sensed
clectrical activity may be used by processor 110 or other
processor to evaluate autonomic nervous system activity,
¢.g., autonomic nervous system activity associated with an
EMD state. Therapy delivered to patient 12 to treat an EMD
state may be configured based on the autonomic activity
associated with the EMD state. In general, as will be
described further below, the delivered therapy may be con-
figured to modulate autonomic activity i a manner deter-
mined to be appropriate (e.g., by processor 90 or processor
110) in view of the autonomic nervous system activity
determined to be associated with an EMD state.

Telemetry module 118 supports wireless communication
between INS 26 and ICD 16, as well as between INS 26 and
an external programmer 24 (FIG. 1) or another computing
device under the control of processor 110. Telemetry module
118 may also support wireless communication between
sensing module 119 of INS 26 and sensor 121 1n examples
in which sensor 121 1s physically separate from INS 26.
Processor 110 of INS 26 may receive, as updates to pro-
grams, values for various stimulation parameters such as
amplitude and electrode combination, from programmer 24
via telemetry module 118. The updates to the therapy
programs may be stored within memory 112.
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In some examples, processor 110 may store information
associated with the detection and/or treatment of an EMD
state for patient 14 in memory 112. Processor 110 may
transmit 1information associated with the detection and/or
treatment with external programmer 24 or other external
device via telemetry module 118. In some examples, pro-
cessor 110 may communicate with external programmer 24
when an EMD state to alert programmer 24 to the detection,
which may then alert a user to the EMD state. In some
examples, such communication may occur at or near real-
time with the detection of the EMD state or may occur at
some later time. Processor 110 may alternatively or addi-
tionally communicate whether or not the EMD state has
been terminated. In some examples, processor 110 may
communicate to external programmer 24 the type of stimu-
lation therapy (e.g., one or more therapy programs) used to
treat the EMD state as well as an i1dentification of which
stimulation therapy was eflective 1n terminating the EMD
state. EGM signals or other electrical activity of heart 14 of
patient 12 that 1s associated with the EMD state and/or
response to treatment may also be communicated to pro-
grammer 24. In this manner, programmer 24 may allow a
user to be alerted to the occurrence of an EMD state, e.g., as
it occurs, to be able to observe how the INS 26 responded
to the EMD state, and/or observe the response of patient 12
to the situation.

The various components of INS 26 are coupled to power
supply 120, which may include a rechargeable or non-
rechargeable battery. A non-rechargeable battery may be
selected to last for several years, while a rechargeable
battery may be inductively charged from an external device,
¢.g., on a daily or weekly basis. In other examples, power
supply 120 may be powered by proximal inductive interac-
tion with an external power supply carried by patient 12.

FIG. 8 1s block diagram of an example programmer 24. As
shown 1n FIG. 6, programmer 24 includes processor 130,
memory 132, user interface 134, telemetry module 136, and
power source 138. Programmer 24 may be a dedicated
hardware device with dedicated software for programming
of ICD 16 and INS 26. Alternatively, programmer 24 may be
an oil-the-shell computing device running an application
that enables programmer 24 to program ICD 16 and INS 26.
In some examples, separate programmers may be used to
program ICD 16 and INS 26. However, a common program-
mer 24 that 1s configured to program both ICD 16 and INS
26 may provide a more streamlined programming process
for a user, such as a clinician or patient 12.

A user may use programmer 24 to select therapy programs
(e.g., sets of stimulation parameters), generate new therapy
programs, modily therapy programs through individual or
global adjustments or transmit the new programs to a
medical device, such as ICD 16 or INS 26 (FIG. 1). The
clinician may interact with programmer 24 via user interface
134, which may include display to present graphical user
interface to a user, and a keypad or another mechanism for
receiving input from a user.

Processor 130 can take the form one or more micropro-
cessors, DSPs, ASICs, FPGAs, programmable logic cir-
cuitry, or the like, and the functions attributed to processor
130 herein may be embodied as hardware, firmware, soft-
ware or any combination thereof. Memory 132 may store
instructions that cause processor 130 to provide the func-
tionality ascribed to programmer 24 herein, and information
used by processor 130 to provide the functionality ascribed
to programmer 24 herein. Memory 132 may include any
fixed or removable magnetic, optical, or electrical media,

such as RAM, ROM, CD-ROM, hard or tloppy magnetic
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disks, EEPROM, or the like. Memory 132 may also include
a removable memory portion that may be used to provide
memory updates or increases 1 memory capacities. A
removable memory may also allow patient data to be easily
transierred to another computing device, or to be removed
before programmer 24 1s used to program therapy for
another patient. Memory 132 may also store mnformation
that controls therapy delivery by ICD 16 and INS 26, such
as stimulation parameter values.

Programmer 24 may communicate wirelessly with 1CD
16 and INS 24, such as using RF communication or proxi-
mal inductive interaction. This wireless communication 1s
possible through the use of telemetry module 136, which
may be coupled to an internal antenna or an external
antenna. An external antenna that 1s coupled to programmer
24 may correspond to the programming head that may be
placed over heart 14, as described above with reference to
FIG. 1. Telemetry module 136 may be similar to telemetry
module 98 of ICD 16 (FIG. 6) or telemetry module 118 of
INS 26 (FIG. 7).

Telemetry module 136 may also be configured to com-
municate with another computing device via wireless com-
munication techniques, or direct communication through a
wired connection. Examples of local wireless communica-
tion techniques that may be employed to facilitate commu-
nication between programmer 24 and another computing
device include RF communication according to the 802.11
or Bluetooth specification sets, inirared communication,
¢.g., according to the IrDA standard, or other standard or
proprietary telemetry protocols. In this manner, other exter-
nal devices may be capable of communicating with pro-
grammer 24 without needing to establish a secure wireless
connection.

Power source 138 delivers operating power to the com-
ponents of programmer 24. Power source 138 may include
a battery and a power generation circuit to produce the
operating power. In some examples, the battery may be
rechargeable to allow extended operation. Recharging may
be accomplished by electrically coupling power source 138
to a cradle or plug that 1s connected to an alternating current

(AC) outlet. In addition or alternatively, recharging may be
accomplished through proximal inductive interaction
between an external charger and an inductive charging coil
within programmer 24. In other examples, traditional bat-
teries (e.g., nickel cadmium or lithtum 10n batteries) may be
used. In addition, programmer 24 may be directly coupled to
an alternating current outlet to power programmer 24. Power
source 138 may include circuitry to monitor power remain-
ing within a battery. In this manner, user interface 134 may
provide a current battery level indicator or low battery level
indicator when the battery needs to be replaced or recharged.
In some cases, power source 138 may be capable of esti-
mating the remaining time of operation using the current
battery.

FI1G. 9 1s a flow diagram illustrating an example technique
for delivering electrical stimulation to a patient 12 when
heart 14 1s 1n an EMD state. For purposes of illustration, the
example techmques of F1IGS. 9-14 are described with respect
to patient 12 and therapy system 10 of FIG. 2. However,
examples are not limited to such a configuration of therapy
system 10, but instead may be applied to any system or
device, e.g., a system or device that 1s configured to deter-
mine that heart 14 1s 1n an EMD state based on one or more
sensed physiological signals, and deliver electrical stimula-
tion to any appropriate tissue site to modulate aflerent nerve
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activity and/or inhibit eflerent nerve activity when 1t 1s
determined that heart 14 of patient 12 1s in an EMD state, as
described herein.

As 1ndicated by FI1G. 9, 1n some examples, INS 26 senses
at least one physiological parameter of patient 12 (140), e.g.,
via sensor 121 (FI1G. 7) of lead 31. Based at least 1n part on
the one or more sensed physiological parameters, processor
110 of INS 26 may determine whether heart 14 1s 1n an EMD
state (142). For example, INS 26 may determine that that
heart 14 1s 1n an EMD state 1f a sensed physiological
parameter other than that of the electrical activity of heart
14, e.g., blood pressure and/or blood tlow, 1s indicative of
the absence of physiologically significant mechanical con-
tractions of heart 14 but the electrical activity of heart 14,
¢.g., ECG/EEG signals, during approximately the same time
period 1s 1ndicative of mechanical contraction of heart 14.
Such an example 1s further described with respect to FI1G. 10
below.

If processor 110 determines that heart 14 1s in an EMD
state, processor 110 may control stimulation generator 114
to deliver electrical stimulation to a tissue site of patient 12
via selected electrodes 124 of lead 28 in order to modulate
aflerent nerve activity and/or inhibit eflerent nerve activity
(144). The electrical stimulation delivered by INS 26 may be
delivered in manner that results 1n mechanical contraction of
heart 14 to terminate of the EMD state of heart 14. On the
other hand, if processor 110 determines that heart 14 1s not
in an EMD state, processor 110 may continue monitoring
one or more physiological parameters of patient (140),
which may be indicative of both electrical cardiac activity
and mechanical activity of heart 14.

As previously described, an EMD state may be a condi-
tion characterized by the persistence of electrical activity in
the heart without associated mechanical contraction or with
a relatively low level of mechanical contraction. Accord-
ingly, in some examples, the one or more physiological
parameters sensed by INS 26 via sensor 121 may be physi-
ological parameters indicative of the mechanical contrac-
tion, or lack thereof, of heart 14, and sensor 121 may be any
suitable type sensor capable of sensing such a desired
physiological parameter.

In some examples, physiological parameters that are
indicative of mechanical contraction of heart 14 include one
or more of blood pressure, blood oxygen saturation level,
movement of heart muscles, and blood flow, which may
include arterial blood flow, venous blood flow and/or and
blood flow 1n tissue (e.g., tissue perfusion). INS 26 may
sense these physiological parameters of patient 12 via sensor
121. In some examples, sensor 121 includes one or more
pressure sensors configured to monitor the blood pressure of
patient 12, e.g., by monitoring pressure within right ventricle
32 or left ventricle 36 (FIG. 1). As other examples, sensor
121 may include one or more of tlow meters, Doppler tlow
sensors, MRI 1maging sensors such as those sensors con-
figured for echo planar imaging (EPI), 10n transport sensors,
oxygen sensors, pH sensors, blood calcium sensors, blood
sugar sensors, piezoelectric sensors, accelerometers, micro-
phones, stress sensors, bend sensors, tissue perfusion sen-
sors and acoustic sensors. Sensor 121 may be located nside
heart 14, on the outer surface of heart 14, adjacent to heart
14, and/or other suitable location on or implanted within the
body of patient 12.

Flow meters and/or Doppler flow sensors may monitor
arterial and/or venous blood flow rates, which are directly
influenced by mechanical contractions of heart 14. Doppler
sensors may also be utilized to measure heart motion to
detect insufficient or inappropriate or ineflective heart
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motion, which can indicate the failure of heart 14 to sufli-
ciently contract. In a similar manner, an 10n transport sensor
may monitor blood flow by monitoring the flow of ions
contained in the blood of patient 12, ¢.g., mineral 1ons. As
another example, one or more oxygen sensors may be used
to monitor oxygen levels 1 the blood of patient 12 as an
indicator of mechanical contraction of heart 14. Generally,
blood oxygen saturation levels may increase with contrac-
tion of the heart because, as the volume of blood that 1is
output by heart 14 increases, the blood oxygen saturation
level typically increases.

In a similar manner, one or more sensors that monitor pH
ol a patient’s blood may be used since the concentration of
hydrogen 10ns 1n blood of a patient may be correlated with
mechanical contraction of heart 14. For example, a reduction
in blood flow may result in a reduction of the pH of the
patient’s blood. In some examples, a pH sensor may detect
acidosis or relatively low pH, which can be at least a part of
the reason for the EMD state has occurred or persists. Thus,
in some examples, measured pH of a patient’s blood may be
used to detect an EMD state or confirm an EMD state
detected, for example, via another sensed physiological
parameter.

Blood calcium sensors may be used, e.g., to detect blood
calcium concentrations for patient 12. If suthicient calcium 1s
not available, cardiac contractility may sufler and contribute
to EMD. Thus, in some examples, measured blood calcium
concentration may be used to detect an EMD state or
confirm an EMD state detected, for example, via another
sensed physiological parameter. Similarly, blood sugar sen-
sors may be used, e.g., to detect blood sugar levels for
patient 12. The presence of hypoglycemia may contribute to
an EMD state. Thus, in some examples, measured blood
sugar levels may be used to detect an EMD state or confirm
an EMD state detected, for example, via another sensed
physiological parameter.

Piezoelectric sensors may be used, e.g., to detect blood
pressure and/or acceleration associated with pulses through
patient 12 (e.g., through a blood mass, such as a blood vessel
or artery), both of which may be an indicator of mechanical
contraction of heart 14. Acoustic sensors may also be used
by monitoring acoustic signal or sounds generated with
blood flow, which 1s influenced by the mechanical contrac-
tion of heart 14, or to monitor acoustic signal or sounds of
one or more contractions of heart 14.

Furthermore, sensor 121 may be positioned relative to
patient 12 to allow INS 26 to monitor the selected physi-
ological parameters. In some examples, sensor 121 may be
capable of directly sensing the mechanical contraction of
heart 14 by sensing the movement of heart 14 corresponding,
to mechanical contractions of heart 14, ¢.g., via one or more
single or multi-axis accelerometers positioned 1n cardiac
tissue of heart 14 or tissue proximate to heart 14. As another
example, one or more accelerometers or other sensors may
be location proximate or within blood vessel(s) that are
directly connected to heart 14, such as larger blood vessels
such as the pulmonary vein, pulmonary artery, vena cava,
aorta, and the like, to detect mechanical contractions of the
heart. In some examples, ultrasonic 1maging sensors may
also be used to provide ultrasonic 1mages of heart 14 that
may be used to determine if heart 14 i1s contracting in a
physiological significant manner. An accelerometer or ultra-
sonic signal may be used to detect an EMD state, for
example, using a baseline signal template captured when
heart 12 was operating in a non-EMD state, that 1s subse-
quently compared to one or more measured signals to
determine 1f the measured signals are consistent with the
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baseline template. If not consistent with the baseline tem-
plate, the signals may indicate that an EMD state may be
present.

In some examples, electrical activity of heart 14 may be
monitored by INS 26 to determine 1f heart 14 1s 1n an EMD
state. For example, sensor 121 coupled to INS 26 may
include one or more sense electrodes configured to monitor
clectrical signals of heart 14, in conjunction with the one or
more physiological parameters indicative of mechanical
contraction previously described, in a manner that may be
used to determine 11 heart 14 1s 1n an EMD state. Alterna-
tively, or additionally, 1n some examples, the electrical
activity of heart 14 may be monitored via electrodes on one
or more of leads 18, 20, 22 coupled to ICD 16, which may
monitor the same or similar electrical activity of heart 14 to
properly deliver of at least one of pacing, cardioversion, or
defibrillation therapy to heart 14 of patient 12. In such
examples, ICD 16 may communicate information regarding
the sensed electrical activity of heart 14 to INS 26, ¢.g., via
the respective telemetry modules 98 and 118, so that INS 26
may determine whether heart 14 1s 1n an EMD state. As will
be described below, the electrical activity of heart sensed by
INS 26 and/or ICD 16 may be analyzed in conjunction with
the corresponding physiological parameters to determine
whether or not heart 14 i1s exhibiting normal electrical
activity, at least to the extent that the electrical activity may
be typical to that of a heart in an EMD state 14.

In one example, INS 26 may monitor the peak endocardial
interval (PEI) using sensor 121 to determine whether heart
14 1s in an EMD state. The PEI may be characterized as the
time between the peak of an electrical signal of heart 14
(e.g., such as the Q peak of the QRS complex) and the peak
magnitude of the acceleration of heart 14, e.g., as measure
by an accelerometer sensor. In general, the PEI interval
normally 1s about 150 milliseconds to about 250 millisec-
onds after the Q peak of the QRS complex for a heart that
1s contracting in a physiologically significant manner. In
cases 1n which heart 14 1s in an EMD state, the PEI interval
may be outside the normal PEI interval, for example, due to
the failure of heart to mechanically contract, thereby increas-
ing the PEI interval.

In some examples, INS 26 (or other device) may monitor
the respiration of patient 12 to determine whether heart 14
1s 1n an EMD state. Hypoxia secondary to respiratory failure
may be a cause of an EMD state, and respiratory insuili-
ciency can be present during the occurrence of an EMD
state. Accordingly, INS 26 may be configured to monitor for
instances of respiratory msuiliciency, acute respiratory arrest
or other respiratory condition associated with EMD to at
least 1n part detect when heart 14 1s 1n an EMD state. In some
example, respiratory insuiliciency and/or acute respiratory
arrest may be used to confirm the identification of an EMD
state based on one or more other physiological parameters.

INS 26 and/or ICD 16 may monitor respiration param-
eters, such as the rate profile of inhalation and/or exhalation
and the respiration rate, by sensing thoracic impedance to
determine 11 patient 12 1s breathing normally or abnormally.
Normal breathing or abnormal breathing can be indicated by,
for example, a threshold respiration rate or a threshold range
of respiration rates, or by a template that indicates a profile
of inhalation and exhalation patterns that is normal or
abnormal (e.g., indicative of the possible presence of an
EMD state). In some examples, INS 26 may control stimu-
lation generator 114 (FI1G. 7) to deliver stimulation to patient
12 to treat an EMD state i patient 12 1s breathing abnor-
mally. In some example, INS 26 may apply the electrical
stimulation to treat EMD 1f patient 1s breathing abnormally
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in conjunction with the determination that another physi-
ological parameter of patient 1s indicative of heart 14 being
in an EMD state.

Processor 110 or other processor of another device may
analyze sensed physiological parameter information to
determine whether heart 14 1s 1n an EMD state. For example,
processor 110 may analyze the sensed physiological param-
cter information using one or more suitable algorithms
configured to detect an EMD state based on sensed param-
cter information. In some examples, a detection algorithm
may weight one or more patient factors that may increase or
decrease the overall likelihood of heart 14 of patient 12
being 1n an EMD state. Such patient factors may include the
age and/or gender of patient 12. For example, the algorithm
can retlect the possibility that heart 14 may be more likely
to enter an EMD state 1n cases in which patient 12 1s a
female. As another example, the algorithm can increase the
possibility that a particular physiological parameter indi-
cates heart 14 1s 1n an EMD state based on the age of patient
12; heart 14 may be more likely to enter an EMD state with
increased age of patient 12. For example, EMD of heart 14
may by more likely to occur 1n a patient that 1s older than,
e.g., seventy years of age compared to that of patient 12 that
1s younger than seventy years of age.

Accordingly, the detection algorithm applied by processor
110 (e.g., by executing one or more machine readable
instructions stored in memory 112 of INS 26) may incor-
porate patient factors of patient 12 that may increase or
decrease the likelihood of heart 14 entering an EMD state.
Such factors may be taken into account, for example, 1n
cases 1n which sensed physiological parameter and other
information analyzed by processor 110 indicate a borderline
determination of an EMD state of patient, e.g., a determi-
nation that there 1s a small probability that a particular
physiological parameter indicates the EMD state 1s occur-
ring. For example, 11 a borderline EMD state determination
1s made and one or more patient factors, such as age or sex,
reflect an increased likelihood of heart 14 entering an EMD
state, then processor 110 may determine that heart 14 1s 1n
an EMD state. Conversely, 11 a borderline EMD state deter-
mination 1s made and one or more patient factors, such as
age or sex, do not reflect an increased likelihood of heart 14
entering an EMD state, then processor 110 may determine
that heart 14 1s not 1n an EMD state. A clinician can adjust
the EMD state detection algorithm according to the factors
known to the clinician to better indicate whether a partlcular
physiological parameter indicates heart 14 of patient 12 is in
an EMD state.

Although sensor 121 1s shown to be positioned within or
proximate to heart 14 of patient 12 1n the examples of FIGS.
1 and 2, 1n other examples, sensor 121 may have any suitable
position relative to heart 14. Sensor 121 may positioned at
any suitable location with respect to patient 12 that allows
sensor 121 to properly monitor one or more desired physi-
ological parameters that are indicative of mechanical con-
traction of heart 14. Furthermore, 1n some examples, sensor
121 1s implanted within patient 12, e.g., as shown 1n the
examples of FIGS. 1 and 2. In other examples, sensor 121
1s located external to patient 12 in a position that allows
sensor 121 to monitor the desired physiological parameter.
As one example, a sensor 121 that monitors the pulse of
patient 12 may be incorporated into a wristband that may be
worn on the wrist of patient 12, ¢.g., 1n the same manner as
a wrist watch.

INS 26 may deliver electrical stimulation to modulate
allerent nerve activity of patient 12 by configuring the
clectrical stimulation to modity the afferent nerve activity of
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patient 12. For example, stimulation generator 114 (FIG. 7)
of INS 26 may deliver electrical stimulation that 1s config-
ured to excite an aflerent nerve activity of a nerve of patlent
12 and/or inhibit afferent nerve activity. In general, aflerent
nerve activity includes nerve impulses sent from receptors or
sense organs to the central nervous system, e.g., the brain
and spinal cord, via ail

erent nerve pathways. Such nerve
impulses may be associated with the sensory function of the
nervous system patient by providing information to the
central nervous system brain gathered via the peripheral
nervous system.

By modulating afferent nerve activity via delivery of
clectrical stimulation when 1t 1s determined that patient 12 1s
in an EMD state, the EMD state may be treated without
delivering electrical stimulation that directly excites efl

erent

nerve activity within eflerent nerve pathways associated
with heart 14 of patient 12. Instead, the EMD state may be
treated by directly modulating the nerve impulses that are
sent to the brain of patient 12 via electrical stimulation rather
than those sent from the brain. In turn, depending on the
nature of the aflerent nerve activity modulation, the patient’s
brain may react to the modulated afferent nerve activity 1n a
manner that treats (e.g., helps terminate) the EMD state of
the heart, e.g., by causing suilicient mechanical contraction
of heart 14. Treating an EMD state of heart 14 may include,
for example, increasing the mechanical contraction of heart
14.

In some examples, delivery of electrical stimulation to
inhibit afferent nerve activity may act to prevent the delivery
of certain impulses to the brain of patient 12 via aflerent
pathways. In the absence of such aflerent nerve impulse, the
brain may react 1n a manner that helps treat the EMD state.
For example, 1n the absence of such impulses, the brain may
react by sending one or more impulses to heart 14 via
cllerent nerve pathways in a manner that results in the
increased mechanical contraction of heart 14.

Furthermore, in some examples, delivery of electrical
stimulation by INS 26 to excite afferent nerve activity of
patient 12 may promote the delivery of certain impulses to
the brain via afferent pathways. In the presence of such
aflerent nerve impulses, the brain of patient 12 may react 1n
a manner that effectively treats the EMD state. For example,
in the presence of such impulses, the brain may again react
by sending one or more impulses to heart 14 via efl

erent
nerve pathways in a manner that results in the increased
mechanical contraction of heart 14.

Alternatively, or in addition to the modulation of afferent
nerve activity, the electrical stimulation may be delivered to
patient 12 to mhibit eflerent nerve activity when 1t 1s
determined that heart 14 of patient 12 i1s 1n an EMD state.
Efferent nerve activity includes nerve impulses sent from the
central nervous system to eflectors, e.g., muscles or glands,
via ellerent nerve pathways. Such nerve impulses may be
associated with the motor function of patient 12, including
muscular control, by providing a mechanism for the brain to
communicate with the eflectors.

By inhibiting eflerent nerve activity via delivery of elec-
trical stimulation when it 1s determined that patient 12 1s in
an EMD state, the EMD state may be treated without
delivering electrical stimulation that directly excites efl

erent
nerve activity within eflerent nerve pathways associated
with heart 14 of patient 12. Instead, the EMD state of heart
14 may be treated by directly inhibiting nerve impulses that
have been sent from the brain of patient 12, or central
nervous system in general, via eflerent pathways to heart 14.

In turn, the inhibition of the efferent nerve activity from the
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clectrical stimulation may result 1n mechanical contraction
of heart 14 to effectively treat the detected EMD state.

INS 26, via electrodes of lead 28, may deliver electrical
stimulation to one or more tissue sites that allow for the
modulation of afferent nerve activity and/or inhibition of
cllerent nerve activity, as described above. For example, INS
26 and lead 28 may deliver electrical stimulation to a
nonmyocardial tissue site and/or a nonvascular cardiac tis-
sue site to modulate aflerent nerve activity and/or inhibit
ellerent nerve activity. In some examples, INS 26 and lead
28 may deliver electrical stimulation to one or more tissue
sites proximate one or more ailerent nerves or nerve
bundles, e.g., 1n examples in which the delivery of electrical
stimulation modulates aflerent nerve activity. In other
examples, INS 26 and lead 28 may deliver electrical stimu-
lation to one or more tissue sites proximate one or more
cllerent nerves or nerve bundles, e.g., 1n examples 1n which
the delivery of electrical stimulation inhibits efferent nerve
activity. In still other examples, electrical stimulation may
be delivered to the median nerve, vagal nerve, cardiac
sympathetic nerve, and/or subcutaneous tissue that contains
nerve fibers/sensors 1 order to modulate aflerent nerve
activity and/or inhibit efferent nerve activity.

In some examples, the tissue site of patient 12 to which
INS 26 delivers the electrical stimulation when the EMD
state of heart 14 1s detected 1s a tissue site other than
myocardial tissue of heart 14. Myocardial tissue of heart 14
may be the target tissue of pacing, cardioversion, and/or
defibrillation therapy delivered by ICD 16. Accordingly, 1n
some examples, INS 26 does not deliver electrical stimula-
tion directly to tissue of heart 14. Despite the fact that the
clectrical stimulation 1s not delivered directly to a myocar-
dial tissue site of heart, or even a noncardiac tissue site 1n
general, the electrical stimulation delivered by INS 26 may
help treat the EMD state of heart 14 by increasing the
contraction of heart 14 such that the contraction of heart 14
and electrical cardiac signals are approprately synchro-
nized). In this manner, INS 26 may be utilized to treat an
EMD state of heart 14.

In some examples, electrodes 124 of lead 28 may be
positioned to deliver electrical stimulation to one or more
sites proximate to spinal cord 44 (FIG. 2). For example, INS
26 may deliver electrical stimulation via lead 28 proximate
to one or more vertebrae of patient 12. As another example,
clectrical stimulation may be delivered to a site proximate to
one or more of thoracic segments, including thoracic seg-
ments T1-T6. For example, electrical stimulation may be
delivered proximate to one or more of thoracic segments 13,
T4, TS5 and/or T6, including across one or more of the spans
from T3 to T6, T4 to T6, and T1 to T6. In other examples,
INS may deliver electrical stimulation via lead 28 to periph-
eral nerve locations in communication with spinal cord 44.
By delivering electrical stimulation to one more of the above
locations, aflerent nerve activity may be modulated and/or
cllerent nerve activity may be inhibited 1n a manner that
results 1n one or more mechanical contractions of heart 14
when 1n an EMD state.

INS 26 may generate and deliver electrical stimulation
according to one or more therapy programs stored 1n
memory 112 (FIG. 7) that define one or more parameters of
appropriate electrical stimulation. In some examples, the
pulse rate of the electrical stimulation signals delivered to
patient 12 to treat the EMD state of the patient may range
from approximately 1 Hz to approximately 200 Hz, such as,
¢.g., approximately 10 Hz to approximately 1 kilohertz.
Additionally, example electrical stimulation signals may
have a voltage ranging from approximately 0.2 volts to
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approximately 12 volts, such as, e.g., approximately 0.5
volts to approximately 10 volts. Example pulse width of the
clectrical stimulation signals may range from approximately
0.1 milliseconds to approximately 5 milliseconds, such as,
¢.g., 0.2 milliseconds. Other stimulation parameter values
are contemplated.

In general, INS 26 may generate and deliver electrical
stimulation the tissue site of patient 12 for a duration of time
that 1s appropriate for terminating an EMD state of heart 14.
The duration of time for delivery of electrical stimulation by
INS 26 may less than the amount of time for the EMD state
to be harmitul to patient 12. In some examples, INS 26 1s
configured to generate and deliver electrical stimulation to
the tissue site within a minimal amount of time after INS 26
has successtully determined that heart 14 1s 1n an EMD state.
For example, INS 26 may be configured to deliver electrical
stimulation to the tissue site substantially immediately after
INS 26 has successiully determined that heart 14 1s 1n an
EMD state. In some examples, INS 26 may be configured to
delivery electrical stimulation to the tissue site of patient 12
between approximately 1 second to approximately 30 min-
utes after determining that heart 14 1s in an EMD state.

In some examples, INS 26 may be configured to both
determine heart 14 1s in an EMD state and deliver electrical
stimulation to the tissue site of patient 12, as previously
described, within approximately 1 millisecond to approxi-
mately 30 seconds, such as, e.g., approximately 30 muilli-
seconds to approximately 30 seconds, of heart 14 entering an
EMD state. As will be described 1n greater details below
with respect to FIG. 12, heart 14 may enter an EMD state
alter the delivery of cardioversion or defibrillation therapy to
heart 14 via ICD 26. In such cases, INS 16 may determine
if heart 14 1s 1n an EMD state and deliver stimulation to the
tissue site of patient 12, as previously described, within
approximately 1 second to approximately 30 seconds, such
as, e.g., approximately 5 second to approximately 30 sec-
onds, of ICD 26 delivering cardioversion or defibrillation
therapy.

In the event that the imitial therapy delivered to patient 12
from INS 26 does not result in resolution of the EMD state,
then processor 110 (FIG. 7) may be configured to sequen-
tially run through a series of therapy programs, e.g., defining
different stimulation signals, electrode combinations, and
clectrode locations, 1n an attempt to 1dentify a therapy that
1s ellective 1 terminating the EMD state of heart 14 and/or
a more etlicacious therapy for treating EMD. In some
examples, INS 26 may deliver stimulation according to each
program for between approximately 5 seconds to approxi-
mately 60 seconds. IT a therapy 1s found to be eflective in
terminating the EMD state, INS 26 may continue with that
therapy program until the EMD state 1s fully mitigated (e.g.,
heart 14 begins mechanically contracting 1n a physiologi-
cally significant manner) or may continue the therapy
beyond initial mitigation. In some examples, INS 26 may
continue to delivery therapy to patient 12 for approximately
30 seconds to approximately 120 minutes after the EMD
state has been terminated as a follow-up therapy to help
assure that EMD state does not imminently reappear. The
stimulation therapy delivered by INS 26 can initiate at a
relatively large amplitude or duty cycle “on” time to treat an
EMD state. Then, after EMD 1s resolved, the stimulation
therapy may be adjusted, e.g., to remain at a lower amplitude
and/or duty cycle. In other examples, however, after a
detected EMD state 1s addressed and INS 26 determines that
heart 14 1s mechanically contracting in a physiologically
significant manner (e.g., using techniques described above
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or by receiving an indication from INS 26), INS 26 may
discontinue all therapy delivery to patient 12 until another
EMD state 1s detected.

In some examples, INS 26 may delivery therapy to patient
12 on a continuous or periodic basis to treat one or more
other patient conditions. As such, INS 26 in not limited to
delivery of stimulation to patient 12 upon the detection of an
EMD state. In some examples, the stimulation therapy may
include stimulation that modulates aflerent nerve activity or
inhibits eflerent nerve activity, even 1n cases in which an
EMD state 1s not detected. Stimulation therapy may be
delivered to patient alternately between low intensity/duty
cycle and high intensity/duty cycle, as a means to avoid
habituation and reduction in therapeutic eflicacy. In these
examples, INS 26 can adjust the timing of therapy delivery,
one or more stimulation parameter values or the target
therapy delivery site based on the detection of an EMD state.
The EMD therapy can be delivered 1n conjunction with or
instead of the other therapy delivered by INS 26 to manage

other patient conditions.

As described below, 1n some examples, INS 26 delivers
stimulation to treat an EMD state 1n conjunction with the
delivery of a cardioversion or defibrillation signal from ICD
12. The EMD stimulation may be imitiated or increased after
cach cardioversion or defibrillation signal or may be deliv-
ered before and/or during a cardioversion or defibrillation
signal to help prevent EMD, which can occur after the
delivery of a cardioversion or defibrillation shock or other-
wise be associated with such therapy. In some examples,
INS 26 may sense the delivery of a cardioversion or defi-
brillation therapy. For example, INS 26 may anticipate the
delivery of a cardioversion or defibrillation therapy based on
a sensed EGM signal that indicates that such therapy is
needed. As another example, electrodes of leads 28, 29 may
detect defibnillation energy in body of patient 12 or an
accelerometer sensor or acoustic/microphone sensor may
detect severe mechanical jolt that may accompany the
delivery of cardioversion or defibrillation therapy to patient
12. In such a situation, an accelerometer or acoustic/micro-
phone sensor may be located within housing 122 of INS 26
as 1t may not be required to be at or near heart 14 to detect
such defibrillation or cardioversion therapy. In some
examples, ICD 16 may be configured to communicate with
INS 26 to indicate imminent, occurring, and/or previously
delivered defibrillation or cardioversion therapy. In some
examples, for communication regarding stimulation therapy,
ICD 16 and INS 26 may utilize one or more example

techniques described 1n U.S. patent application Ser. No.
12/362,768, entitled “IMPLANTABLE MEDICAL

DEVICE CROSSTALK EVALUATION AND MITIGA-
TION,” and filed Jan. 30, 2009, the entire content of which
1s 1ncorporated herein by reference. Other example tech-
niques are contemplated.

FIG. 10 1s a flow diagram illustrating an example tech-
nique for detecting when heart 14 1s 1n an EMD state. As
indicated by FIG. 9, INS 26 may sense at least one physi-
ological parameter of patient 12 via sensor 121 (FIG. 7) of
lead 31 (140), as previously described, to determine a value
of the parameter. In accordance with the technique shown 1n
FIG. 10, INS 26 compares the sensed parameter value to a
threshold value stored 1 memory 112 (148). In some
examples, the threshold value may define a minimum
parameter value observed 1n patient 12 when physiologically
significant mechanical contraction of heart 14 1s properly
occurring. As previously indicated, a physiologically sig-
nificant mechanical contraction may be, e.g., contractions
necessary to supply the cardiac output (e.g., suflicient blood
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flow) to meet the needs of the patient’s body. For example,
in the case of blood pressure, the threshold value may define
a minimum blood pressure value that 1s exhibited at the
location monitored by sensor when physiologically signifi-
cant mechanical contractions of heart 14 are present.

If the sensed parameter value 1s greater than or equal to
that of the threshold value, INS 26 determines that mechani-
cal contractions are likely occurring and INS 26 may con-
tinue monitoring the physiological parameter (140). Alter-
natively, 1f the sensed parameter value i1s less than the
threshold value defined for the respective physiological
parameter, INS 26 may determine that physiologically sig-
nificant mechanical contractions of heart 14 are not occur-
ring.

When INS 26 determines that mechanical contractions of
heart 14 are not occurring based on the comparison of the
physiological parameter to the threshold value, INS 26
subsequently determines whether the electrical activity of
heart 14 1s normal (150). For the purposed of this example,
normal electrical activity of heart 14 may refer to electrical
cardiac activity, e.g., an electrical cardiac signal indicative
of a sinus rhythm, which may persist when heart 14 1s 1n an
EMD state.

If the electrical activity of heart 14 1s normal electrical
cardiac activity and INS 26 determined that heart 14 1s not
mechanically contracting in a physiologically significant
manner, INS 26 may determine that heart 14 1s 1n an EMD
state. In such cases, processor 110 (FIG. 7) of INS 26 may
control stimulation generator 114 to deliver electrical stimu-
lation to patient 12, as described above, to treat the EMD
state of heart 14 (152), e.g., by causing mechanical contrac-
tion of heart 14. Alternatively, 1f the electrical activity of
heart 14 1s abnormal rather than normal, then INS 26 may
determine that heart 14 1s not 1n an EMD state but rather 1n
a state 1n which mechanical contraction and normal electri-
cal activity of heart 14 1s not present. In this case, INS 26
may notify ICD 16 that cardiac rhythm therapy 1s desirable.

In other examples of the technique shown in FIG. 10,
processor 110 of INS 26 determines that heart 14 1s not
mechanically contracting in a physiologically significant
manner, €.g., heart 14 1s not providing suflicient output, by
determining whether the sensed value of the physiological
parameter 1s greater than or equal to a threshold value.

In addition, 1n other examples of the technique shown 1n
FIG. 10, processor 110 of INS 26 determines that heart 14
1s not mechanically contracting in a physiologically signifi-
cant manner by determining whether the sensed value of the
physiological parameter falls within a predetermined range
of values. In some examples, the predetermined range of
values 1ndicates a range ol physiological parameter values
that are observed when physiological significant mechanical
contraction of heart 14 1s not present.

If the sensed value 1s within the range of the threshold
value, INS 26 determines that suflicient mechanical contrac-
tion of heart 14 1s not occurring in patient 12. In other
examples, the predetermined range of values indicates a
range ol physiological parameter values that are observed
when physiological significant mechanical contraction of
heart 14 1s present. I the sensed value 1s within the range of
threshold value, INS 26 determines that suflicient mechani-
cal contractions of heart 14 are occurring.

In some examples, the threshold parameter value 1s a
mean or median value of the physiological parameter over a
range of time, ¢.g., when heart 14 1s known to not be 1n an
EMD state, or a value at a discrete point 1n time. Alterna-
tively or additionally, the threshold parameter value may
define one or more trends of a sensed physiological param-
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eter value over time, where the trend indicates a decrease 1n
mechanical activity of heart 14. The trend may be stored as
a value (e.g., a slope that indicate the change in the physi-
ological parameter value over time) or a template signal that
indicates the values for the change in the physiological
parameter value over time.

For example, the threshold value may a define a specific
behavior of the parameter value during a period of blood
pressure change, e€.g., an 1ncrease or decrease in value, over
a period of time. The threshold parameter value may indicate
whether the blood pressure change was approximately con-
stant over the period of time or whether the blood pressure
change included alternating periods of rapid change and
leveling off. Furthermore, the threshold values may remain
substantially the same throughout the life of the implanted
device, or may be updated periodically. For example, the one
or more sensed parameters may be continually or periodi-
cally monitored by INS 26 to dynamically define an average
parameter value for patient 12, which may be used to
determine whether heart 14 1s 1n an EMD state.

Processor 110 may compare a trend 1n the sensed physi-
ological parameter over time to the threshold value 1 order
to determine whether heart 14 1s 1n an EMD state. In the case
of a trend template, 1f the trend 1n the sensed physiological
parameter over time substantially correlates (e.g., correlates
about 75% or greater, although other percentages of corre-
lation may be used) to a stored template, processor 110 may
determine that heart 14 1s in an EMD state.

FIG. 11 1s a flow diagram illustrating another example
technique for determining when heart 14 1s in an EMD state.
The example techmque 1s similar to that of the example
technique 1llustrated 1n FIG. 10. However, 1n the example of
FIG. 11, INS 26 may make a consistency determination
based on a second sensed physiological parameter after at
first sensed physiological parameter indicates an absence of
mechanical contraction of heart 14. The first and second
physiological parameters are different.

As indicated by FIG. 11, INS 26 senses a first physiologi-
cal parameter, which may include one of the physiological
parameters previously described, e.g., patient blood pres-
sure, to determine a value of the respective parameter (154).
Processor 110 of INS 26 compares the value of the first
physiological parameter to a threshold value stored in
memory 112 (156). The threshold value may be a first
threshold value that 1s associated with the first physiological
parameter. If the sensed value of the first physiological
parameter 1s greater than or equal to the threshold value,
then INS 26 may determine that physiologically significant
mechanical contractions of heart 14 are present, and con-
tinue to monitor the first physiological parameter (154).

Alternatively, 11 the sensed value of the first physiological
parameter 1s less than the first threshold value, processor 110
of determines that mechanical contractions of heart 14 are
not occurring. In such a situation, processor 110 determines
whether the electrical activity of heart 14 1s normal, as
described above with respect to FIG. 10 (156). I processor
110 determines that the electrical activity of heart 14 1s not
normal, processor 110 may determine that heart 14 1s not 1s
an EMD state, but rather 1n state 1n which both mechanical
contractions and normal electrical activity are absent. How-
ever, 1 the electrical activity of heart 26 1s normal electrical
activity, then INS 26 may determination that heart 14 1s 1n
an EMD state.

In the example technique shown in FIG. 11, when INS 26
determines that heart 14 1s 1n an EMD state based on the first
sensed parameter, INS 26 does not directly proceed to
deliver electrical stimulation to patient 12 to treat the EMD
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state. Instead, INS 26 determines whether a second physi-
ological parameter indicative of contraction of heart 14 also
indicates heart 14 1s not contracting in a physiologically
significant manner. In this way, processor 110 of INS 26 may
make a consistency determination to determine whether a
heart 14 1s 1n an EMD state. Thus, after determining heart 14
1s 1n an EMD state based on the first sensed parameter, INS
26 senses a second physiological parameter that 1s difierent
than the first physiological parameter and determines a value
of the respective parameter (160). Processor 110 compares
the sensed value of the second physiological parameter to a
second threshold value stored 1n memory 112 that corre-
sponds to the second sensed parameter (162). The first and
second threshold values may be different and can vary
depending on the type of physiological parameter.

I1 the sensed value of the second physiological parameter
1s greater than or equal to the second threshold wvalue,
processor 110 determines that the second physiological
parameter value does not indicate heart 14 1s 1n an EMD
state. Accordingly, processor 110 determines that the first
EMD state determination based on the first sensed physi-
ological parameter 1s inconsistent with the second EMD
state determination based on the second physiological
parameter. In such a case, INS 26 withholds delivery of
clectrical stimulation to patient 12, and may repeat the
pProcess.

On the other hand, 11 the value of the second physiological

parameter 1s less than the threshold value, processor 110 of
INS 26 determines that heart 14 1s in an EMD state.
Accordingly, processor 110 may determine that the first
EMD state determination based on the first sensed physi-
ological parameter 1s consistent with the second EMD state
determination based on the second sensed physiological
parameter. Upon determiming that heart 14 1s 1n an EMD
state based on both the first and second physiological
parameters, processor 110 controls stimulation generator
114 to deliver electrical stimulation to a tissue site of patlent
12 to modulate aflerent nerve activity and/or inhibit efferent
nerve activity, as described above, and treat the EMD state
of heart 14 (164).

The technique shown in FIG. 11 may be a more robust
technique for determining that heart 14 1s in an EMD state
correctly reflects the actual state of heart 14, and may be
usetiul for increasing the likelihood that the determination
that heart 14 1s 1n an EMD state 1s correct. Although FI1G. 11
1s described with respect to making two EMD state deter-
minations based on two separate physiological parameters of
patient 12, 1n other examples, processor 110 of INS 26 may
make any suitable number of EMD state determinations
based on any suitable number of sensed physiological
parameters of patient 12. For example, INS 26 may monitor
more than two types of physiological parameters of patient
12.

FIG. 12 1s a flow diagram 1illustrating an example tech-
nique for monitoring heart 14 for an EMD state relative to
delivery of defibrillation therapy to heart 14 by ICD 16.
While the example of FIG. 12 1s described with respect to
delivery of defibrillation therapy to heart 14, other examples
of the technique may include delivery of a cardioversion
therapy to heart 14. Although not limited to such situations,
heart 14 may be susceptible to EMD following the delivery
of defibrillation and/or cardioversion therapy to heart 14 by
ICD 16. Accordingly, 1n some examples, INS 26 may be
configured to monitor for an EMD state of heart 14 1n
conjunction with the delivery of such therapy to heart 14 of

patient 12 via ICD 16.
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As indicated by FIG. 12, ICD 16 delivers defibrillation
therapy to patient 12 1n the form of electrical stimulation
(e.g., a shock) delivered via one or more electrodes on leads
18, 20, 22 (166). For example, ICD 16 may deliver the
therapy based on the determination that heart 14 1s in a
fibrillation state. While the therapy delivered by ICD 16 may
successiully terminate the fibrillation of heart 14, heart 14
may be susceptible EMD immediately after the delivery of
the defibrillation therapy.

INS 26 may detect the delivery of the defibrillation
therapy to heart 14 using any suitable technique. In some
examples, INS 26 senses the electrical signals associated
with the delivery of the defibrillation therapy via one or
more electrodes of lead 28 and/or sensor 121 of lead 31. In
other examples, before, during, or atter the delivery of a the
defibrillation therapy to heart 14, ICD 16 communicates
information indicative of the delivery of the defibrillation
therapy to INS 26 via the respective telemetry modules 98,
118. In response to detecting the delivery of the defibrillation
therapy to heart 14, processor 110 of INS 26 may determine
whether heart 14 1s in an EMD state.

In one example, as shown 1n FIG. 12, before, during or
after delivery of the defibrillation therapy by ICD 16, INS 26
senses a physiological parameter indicative of the contrac-
tion of heart 14. As previously described, physiological
parameters indicative of the contraction of heart 14 include
blood pressure, blood flow, blood oxygen saturation level,
movement of cardiac muscles, heart sounds, heart 1images,
and tissue perfusion.

In some examples, INS 26 immediately begins sensing
the physiological parameters after receiving the indication
that ICD 16 delivered the defibrillation therapy or after
sensing the delivery of the defibrillation therapy. In other
examples, INS 26 may begin sensing the physiological
parameters after the passage of an appropriate delay period
alter the delivery of the defibrillation therapy. For example,
such a delay period may correspond to the time generally
required for one of more of the physiological parameter
sensed by INS 26 to reach a level indicative of the absence
ol mechanical contraction of heart 14.

Similar to that described above, 11 INS 26 determines that
heart 14 1s 1n an EMD state (170), INS 26 delivers appro-
priate electrical stimulation to patient 12 to cause the desired
mechanical contractions of heart 14 and terminate the EMD
state of heart 14 (172). On the other hand, 1if INS 26 does not
determine that heart 14 1s 1n an EMD state based on the
physiological parameters sensed after the delivery of the
defibrillation pulse, INS 26 may stop sensing the physiologi-
cal parameters (174). In some cases, INS 26 may continue
to momnitor for an EMD state of heart 14 for time period
corresponding the period in which heart 14 1s likely to enter
an EMD state after defibrillation therapy 1s delivered to heart
14. In this manner, INS 26 may be configured to monitor the
one or more appropriate physiological parameters at times
that heart 14 may be most susceptible to being 1 an EMD
state, rather than continuously monitoring patient 12 for an
EMD state.

As indicated i FIG. 12, INS 26 may continue delivering
the first stimulation therapy until processor 110 determines
heart 14 1s no longer in an EMD state. This determination
may be made according to the same sensed physiological
parameters used to mnitially determine that heart 14 was 1n an
EMD state. For example, after or during the delivery of the
first neurostimulation therapy, processor 110 may determine
whether heart 14 of patient 12 1s mechanically contracting,
and whether a relatively normal sinus rhythm 1s detected. In
some examples, INS 26 may deliver the first stimulation
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therapy to patient 12 substantially continuously. Such an
example may correspond to configurations in which an
accurate EMD state determination 1s not prevented by the
delivery of the first stimulation therapy to patient 12, e.g.,
sensing module 119 may accurately sense the one or more
physiological parameters regardless of whether the electrical
stimulation 1s being delivered to the tissue site. In other
examples, INS 26 may deliver the first stimulation therapy
on a periodic basis rather than substantially continuously,
¢.g., 1n configurations in which an accurate EMD state
determination 1s prevented during the delivery of the stimu-
lation therapy by INS 26. For example, in such cases, INS
26 may deliver the first stimulation therapy to the tissue site
for set periods of time with periodic pauses that to allow for
an accurate determination as to whether heart 14 1s still in an
EMD state, or 1if the EMD state of heart 14 has been
successiully treated by the stimulation therapy.

In any case, INS 26 continues to deliver first stimulation
therapy to patient 12 until processor 110 determines that
heart 14 1s no longer 1n an EMD state based on the one or
more sensed physiological parameters (174). In this manner,
INS 26 may continue to deliver the first stimulation therapy
to the tissue site until the sensed physiological parameters
indicate that heart 14 1s no longer 1n an EMD state.

Alternatively or additionally, INS 26 may deliver the first
stimulation therapy for only a predetermined amount of
time. For example, INS 26 may be configured to deliver the
first stimulation therapy until a predetermined first time
period, which may be defined according to the typical
amount of time required to treat heart 14 1n an EMD state via
the first therapy, has expired or processor 110 determines
that heart 14 1s no longer 1n an EMD state. In this manner,
INS 26 may be prevented from continuously delivering the
first stimulation therapy to the tissue site for an unnecessary
length of time 1n the event of an inaccurate EMD state
determination by processor 110 of INS 26. In examples,
clectrical stimulation therapy may be delivered to the tissue
site of patient 12 to treat EMD for approximately 1 second
to approximately 10 minutes. In some examples, INS 26
may continue to deliver stimulation to patient 12 for a
predetermined amount of time subsequent to the termination
of the EMD state. The predetermined amount of time may be
a constant amount of time or may be a function of the
amount ol time needed to treat the EMD state, e.g., the
longer the amount of time need to terminate the EMD state,
the longer the amount of time the therapy will be delivered
after the EMD state 1s terminated.

FIG. 13 1s a flow diagram illustrating an example tech-
nique for momitoring heart 14 for an EMD state relative to
delivery of a defibrillation therapy to heart 14 by ICD 16.
The example technique 1s similar to that previously
described with respect to FIG. 12. For example, ICD 16 may
deliver defibrillation therapy to patient 12 in the form of
clectrical stimulation delivered via one or more electrodes
on leads 18, 20, 22 (174). INS 26 may sense at least one
physiological parameter of patient 12 after delivery of the
defibrillation therapy (176), which may then be used to
determine an EMD state of heart 14 (178), e.g., as described
above with respect to FIG. 10. In the example shown 1n FIG.
13, 1f the EMD state 1s detected, processor 110 of INS 26
controls stimulation generator 114 to deliver a first stimu-
lation therapy during a first time period, and then delivering
a second stimulation therapy during a second time period,
¢.g., upon expiration of the first time period.

In particular, when processor 110 of INS 26 determines
that heart 14 1s 1n an EMD state (178), processor 110 may
control stimulation generator 114 to deliver a first stimula-
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tion therapy to a tissue site to modulate aflerent nerve
activity and/or inhibit efferent nerve activity (180). In some
examples, the first therapy delivered by INS 26 may include
relatively high intensity stimulation. Delivery of the high
intensity stimulation may be particularly effective in treating
the EMD state of heart 14, e.g., by “waking-up” the brain of
patient 12 to the EMD state of heart 14. In some examples,
the first stimulation therapy having a relatively high inten-
sity may be achieved by delivering a stimulation signal
comprising a relatively high pulse rate and/or relatively high
pulse amplitude. In some examples, the first therapy may
have a frequency (e.g., a pulse rate) between approximately
10 to 200 Hz, such as, e.g., 50-100 Hz, although other pulse
rates are contemplated. In general, the pulse rate may be set
at as high of frequency possible, with consideration to the
stimulation limitations of INS 26 and patient 12. Stimulation
amplitude of the first therapy may range from approximately
0.5 volts to approximately 12 volts, such as, e.g., approxi-
mately 5 volts to approximately 10 volts or approximately 1
volt to approximately 10 volts, although other stimulation
amplitudes are contemplated. In some examples, the ampli-
tude may be approximately equal to the maximum stimula-
tion amplitude tolerable by patient 12.

While the relatively aggressive first stimulation therapy
may be effective 1 terminating the EMD state of heart 14,
depending on the exact parameters of the first therapy
delivered, 1t may be saie to only deliver the first therapy to
the tissue site for a short period of time to avoid one or more
undesirable side-eflects. For example, in some cases, the
first stimulation therapy having a relatively high intensity
may stress tissue 1f the stimulation 1s delivered for too long.
Accordingly, INS 26 may be configured to deliver the first
stimulation for only a first period of time that 1s selected to
mimmize stress to tissue. As indicated in FIG. 13, processor
110 of INS 26 may control stimulation generator 114 to
deliver the first stimulation therapy to patient until a timer,
which defines the first time period, expires (182).

The first time period during which the first stimulation
therapy 1s delivered may generally be any amount of time
approximately less than or equal to that of the maximum
period that INS may deliver neurostimulation according to
the first therapy program without stressing tissue. In some
example, INS 26 may be pre-programmed with a “safe” time
pertod for a given stimulation parameter value or set of
stimulation parameter values based on which the first time
period 1s defined. Additionally or alternatively, INS 26 may
be configured such that a physician may define the first time
period, €.g., via programmer 24, to allow for first time period
that 1s tailored to a particular patient. In examples in which
the first stimulation therapy includes relatively high intensity
stimulation, the first time period may be less than or approxi-
mately equal to 1 minute, e.g., less than or approximately
equal to 30 seconds.

In any case, once the first time period timer (182) has
expired, INS 26 may terminate delivery of the first stimu-
lation therapy and imitiate delivery of a second stimulation
therapy (184). The first and second stimulation therapies
may be defined by therapy programs stored in memory 112
of INS 26 (FIG. 7) or a memory of another device. The first
and second therapy programs may have at least one different
stimulation parameter. In some examples, the second stimu-
lation therapy has a lower intensity than the first stimulation
therapy. The stimulation intensity may be a function of the
stimulation parameter values, such as the pulse rate, pulse
width, duty cycle, amplitude, and the like. In some
examples, the second therapy program may have a lower
frequency and/or lower stimulation amplitude (e.g., current
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or voltage amplitude) than the first therapy program. The
lower stimulation intensity of the second stimulation therapy
may allow for continued delivery of electrical stimulation
for a longer period of time compared to the first stimulation
therapy without a sigmificant likelihood of causing one or
more undesirable side eflects. In other cases, the second
stimulation therapy may define a period during which INS
26 does not deliver electrical stimulation to the tissue site of
patient 12, effectively ending delivery of electrical stimula-
tion to patient 12 after the expiration of the first time period.
In some examples, the intensity of the first and/or second
stimulation therapies may be ramped up (e.g., by increasing,
amplitude or duration of duty cycle) to reduce muscle twitch
or pain experienced by patient due to the stimulation.

Similar to that of the first stimulation, the second stimu-
lation therapy may be delivered for a second time period
following the first time period. The second time period may
be defined by a timer, e.g., stmilar to that shown 1n FIG. 13
for defining the first time period for delivery of the first
stimulation therapy. In some examples, the second time
period may be longer than that of the first time period for the
first stimulation therapy, e.g., 1n cases in which the second
stimulation therapy 1s of a lower intensity than the first
therapy thus allowing the second stimulation therapy to be
delivered for a longer period of time without a significant
likelihood of causing one or more undesirable side eflects.
Once the second time period has expired, the delivery of the
second stimulation therapy from INS 26 to patient 12 may
be terminated.

In some examples, upon expiration of the second time
period for delivery of second stimulation therapy, INS 26 or
other device may determine whether heart 12 1s 1n an EMD
state, which can be the same EMD state occurrence as the
previously detected EMD state (178) or may be a separate
occurrence that 1s, e.g., separated in time from the previous
EMD state detection. INS 26 or other device may determine
that heart 12 1s 1n the EMD state using one or more the
techniques described herein. For examples, INS 26 may
sense at least one physiological parameter of patient 12 after
delivery of the defibrillation therapy, which may then be
used to determine an EMD state of heart 14, e.g., as
described above with respect to FIG. 10.

If the EMD state of heart 14 1s detected after the delivery
of the second therapy (184), INS 26 may initiate delivery of
stimulation therapy to ftreat the EMD state. In some
examples, the stimulation therapy may have the same or
similar stimulation parameters as that of the first and/or
second stimulation therapies described above with regard to
FIG. 13, while 1 other examples one or more of the
stimulation therapy parameters values may be adjusted from
that of the first and/or second stimulation therapies to treat
the new EMD state. IT INS 26 does not detect an EMD state
after the second therapy 1s terminated, INS 26 may continue
to monitor patient 12 to detect 1f and when heart 14 enters
an EMD state so that stimulation may be delivered to treat
the EMD state at that time. In such an example, system 10
may monitor and treat patient 12 for occurrences of EMD in
a closed-loop manner.

FIG. 14 1s a flow diagram illustrating an example tech-
nique for delivering electrical stimulation to a patient when
a heart of the patient 1s 1n an EMD state. As described above,
in some examples, a therapy system, such as therapy system
10 or therapy system 80 may be configured to monitor
autonomic nervous system activity of patient 12 to deter-
mine autonomic nervous system activity associated with an
EMD state. For ease of 1llustration, the example technique of
FIG. 14 1s described with regard to therapy system 10 but 1s
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not limited 1n 1implementation to such therapy system con-
figurations. Moreover, although the example technique of
FIG. 14 1s primarily described with regard to INS 26, one or
more aspects of the technique may be performed by another
device, such as ICD 16, programmer 24 or ICD 80 either 1n
combination with INS 26 or exclusive from that of INS 26.

As 1llustrated in FIG. 14, processor 110 (FIG. 7) of INS
26 detects that heart 14 1s 1n an EMD state (186), ¢.g., using
one or more of the techmques described herein for detecting
that heart 14 1s in EMD state. Upon detecting that heart 14
1s 1 an EMD state, processor 110 (FIG. 7) determines
autonomic activity associated with the EMD state of heart
14 (188). As discussed above, the autonomic nervous system
activity associated with the EMD state of heart 14 can be
indicated by the activity level of sympathetic and parasym-
pathetic nervous system activity relative to each other, or
just one of the sympathetic or parasympathetic nervous
system activities. In addition, the autonomic nervous system
activity associated with the EMD state of heart 14 can be the
autonomic nervous system activity temporally correlating to
the detection of the EMD state by processor 110, and, in
some examples, includes the time period before and/or after
detection of the EMD state by processor 110. A loop
recorder or the like can be used to store sensed signals
indicative of autonomic nervous system activity (e.g.,
sensed sympathetic nervous system activity) for the time
period before the detection of the EMD state. Processor 110
(FIG. 7) of INS 26 then controls the delivery of therapy to
patient 12 based on the autonomic nervous system activity
determined to be associated with the EMD state of heart 14
(190).

The monitored autonomic activity of patient 12 analyzed
by INS 26 may include sympathetic nervous system activity
and/or parasympathetic nervous system activity of patient
12. For ease of illustration, examples of the disclosure may
primarily be described with regard to sympathetic activity.
Processor 110 can determine the nerve activity of a sympa-
thetic or parasympathetic nerve using any suitable tech-
nique. In some examples, sensing module 119 (FIG. 7)
generates an electrical signal that 1s indicative of an elec-
trical nerve signal generated by a nerve, such as the target
sympathetic or parasympathetic nerve used to determine
autonomic nervous system activity or a branch thereof, 1n
response to an electrical stimulation signal delivered by the
clectrodes of lead 28 or lead 31. The electrical nerve signal
may be sensed between two or more electrodes of lead 28 or
lead 31 (FIG. 7). Processor 110 may analyze the electrical
nerve signal for an indication of autonomic nervous system
activity, for example, by measuring an amplitude of the
clectrical nerve signal and comparing the measured value to
a threshold value. The threshold value may be, for example,
an amplitude or other characteristics of a sensed electrical
signal.

Autonomic activity associated with the EMD state of
heart 14 may be autonomic activity sensed just prior to or
during the occurrence of an EMD state of heart 14. In some
examples, the autonomic activity associated with the EMD
state may be an underlying cause of the EMD state of heart
26. For example, 1n some cases, heart 14 may be 1n an EMD
state due 1n part to elevated sympathetic nervous system
activity. In other examples, heart 14 may be 1n an EMD state
due 1n part to decreased sympathetic nervous system activ-
ity. By determining the autonomic nervous system activity
associated with heart 14 when 1n an EMD state, processor
110 of INS 26 may control delivery of therapy to address the
autonomic activity associated with the EMD state of heart
14 1n a manner that effectively treats the EMD state of heart
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14. In particular, processor 110 controls stimulation genera-
tor 114 to generate and deliver stimulation therapy to patient
14 that addresses at least one contributing factor to the EMD
state. In this way, the therapy delivered by INS 26 1s relevant
to the particular EMD state of patient 12.

As an illustration, processor 110 of INS 26 may determine
that the autonomic nervous system activity associated with
the detected EMD state of heart 26 includes a depressed
level of sympathetic activity. Based on the depressed level

of sympathetic nervous system activity determined to be
associated with the EMD state of heart 14, processor 110 of
INS 26 may control delivery of therapy to patient 12 to
increase the level of sympathetic nervous system activity 1n
patient 12. Such stimulation may eflectively treat the
detected EMD state of heart 12, e.g., by promoting mechani-
cal contraction of heart 12.

In some examples, after delivering stimulation therapy to
patient 12 that 1s configured to increase sympathetic nervous
system activity, e.g., when a depressed level of sympathetic
nervous system activity 1s associated with a detected EMD
state of heart 14, INS 26 may subsequently adjust the
stimulation therapy to then reduce sympathetic nervous
system activity for patient 12. For example, INS 26 may
deliver a first stimulation therapy generated according to a
first therapy program that 1s configured to increase sympa-
thetic activity may be delivered to patient for a first time
period. The first time period may be selected to effectively
bring heart 14 out of the EMD state with the first stimulation
therapy configured to increase sympathetic nervous system
activity. Following the expiration of the first time period and
the corresponding increase 1n sympathetic activity of patient
12, processor 110 of INS 26 may modily the stimulation
being delivered to patient 12 to deliver a second stimulation
therapy to patient 12 that 1s configured to decrease sympa-
thetic activity 1n patient 12.

In such an example, while the first stimulation therapy
may increase the sympathetic activity to a level that eflec-
tively brings heart 14 out of the detected EMD state, such a
level of sympathetic activity may not be sustainable and/or
may lead to undesired side eflects. As such, once INS 26
delivers the first therapy to, in essence, increase the con-
tractility of heart 14 and bring heart 14 out of an EMD state
by increasing the sympathetic nervous system activity, INS
26 may deliver a second therapy generated according to a
second therapy program that reduces sympathetic activity of
patient 12, e.g., to a baseline level or some other level of
sympathetic activity to avoid undesired side effects. In some
examples, the second stimulation therapy may be delivered
to reduce sympathetic activity to be less than that experience
by patient due to the first stimulation therapy but greater than
the sympathetic activity associated with the EMD state. The
first and second therapy programs have at least one different
stimulation parameter value.

As another example, 1n other cases, processor 110 of INS
26 may determine that autonomic activity associated with
the detected EMD state of heart 14 includes a relatively high
level of sympathetic activity. Upon determining heart 14 1s
in an EMD state and the EMD state 1s associated with a
relatively high level of sympathetic activity, processor 110
can control stimulation generator 114 to generate and deliver
stimulation therapy to patient 12 1n a manner that decreases
sympathetic activity of patient 12. Again, such stimulation
may ellectively treat the detected EMD state of heart 12,
¢.g., by promoting mechanical contraction of heart 12, by
decreasing sympathetic nervous system activity from that
associated with the EMD state of heart 12.
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As described above, system 10 may monitor autonomic
activity of patient 12 using any suitable methodology. In
some examples, processor 110 of INS 26 (or a processor of
another device such as ICD 16) may determine autonomic
activity of patient 12 by momitoring the electrical activity of
heart 14. As described above, sensing module 96 of ICD 16
may momitor signals from at least one of electrodes 50, 52,
54, 56, 58, 60, 68, 72, 74, and 76 1n order to monitor
clectrical activity of heart 14, e.g., via an EGM signal. In
such an example, processor 110 may receive the sensed
clectrical activity of heart 14 from ICD 16 and analyze the
sensed electrical activity of heart 14 to determine the heart
rate of heart 14 and/or heart rate variability (e.g., P-P interval
variability and/or R-R interval varniability) that may be
indicative of autonomic nervous system activity. Alterna-
tively, processor 90 of ICD 16 may make the determination
and transmit an 1ndication of the autonomic nervous system
activity to processor 110.

As one example, sympathetic activity of a patient 12 may
be monitored and determined by sensing the heart rate of
heart 14. During an EMD state, the heart rate of heart 14 may
be determined based on the sensed electrical signals of heart
14 (e.g., an ECG or EGM) despite that fact heart 26 1s
generally not mechanically contracting in a physiologically
significant manner due to the EMD state. Processor 110 of
INS 26 (or another processor) can compare the heart rate
indicated by the sensed electrical activity of heart 14 during
an EMD state or just prior to the occurrence of an EMD state
to a threshold value to determine 11 the heart rate 1s relatively
low, ¢.g., as compared to an average heart rate of patient 12.
If processor 110 determines that the heart rate 1s relatively
low, processor 110 may determine that the sympathetic
activity of patient 12 1s depressed. Sensed electrical activity
of heart 14 that reflects a relatively low heart rate, such as,
e.g., about 20 to 30 beats per minute (BPM) compared to a
“normal” heart rate of about 60 to about 70 BPM, may be
indicate depressed sympathetic activity. In response to the
depressed sympathetic activity, INS 26 (or ICD 16) may
deliver stimulation therapy to patient 12 1n a manner that
increases sympathetic activity to treat the EMD state of
heart.

Conversely, 1f processor 110 determines that the heart rate
indicated by the sensed electrical activity of heart 14 during
an EMD state or just prior to the occurrence of an EMD state
1s relatively high, e.g., as compared to an average heart rate
of patient 12 or one or more threshold heart rate values or
ranges, processor 110 may determine that the sympathetic
activity of patient 12 1s overexcited. In some examples,
sensed electrical activity of heart 14 that reflects a relatively
high heart rate, such as, e.g., about 100 to 120 beats per
minute (BPM), may be indicate overexcited sympathetic
activity. As described above, 1n response, INS 26 (or ICD
16) may deliver stimulation therapy to patient 12 to decrease
sympathetic activity to treat the EMD state of heart 14. The
low heart rate, high heart rate, and/or normal heart rate may
be predetermined and stored by ICD 16, INS 26 or another
device. In other examples, the normal heart may be deter-
mined based on, for example, an average sensed heart rate
for a predetermined period of time preceding the detection
of the EMD state. In this way, the “normal” heart rate may
be a dynamically changing value.

Additionally or alternatively, heart rate vanability (e.g.,
P-P interval vanability and/or R-R interval variability) may
also be analyzed by processor 110 (or another processor) to
monitor and determine autonomic activity to ftreat the
detected EMD state of patient 14. In some examples, sensed
clectrical activity of heart 14 that retlects an increase in heart
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rate variability may indicate overexcited parasympathetic
nervous system activity. In this way, heart rate variability
may be used as an indicator for the nature of the autonomic
nervous system activity associated with a detected EMD
state.

As another example, processor 110 of INS 26 (or another
device) may determine autonomic activity of patient 12
associated with an EMD state by monitoring electrical nerve
activity of patient 12. For example, sensing module 119 may
monitor electrical activity of a nerve (e.g., a vagal nerve) via
sensor 121 (FI1G. 7) and generate an electrical signal indica-
tive of the electrical nerve activity. Processor 110 may
receive the electrical signal and extract signal characteristic
directly from the signal or from a parameterized signal or
data generated based on the raw electrical nerve signal 1n
order to determine whether the electrical nerve activity 1s
indicative of an excited or depressed parasympathetic ner-
vous system activity level and/or an excited or depressed
sympathetic nervous system activity level.

In such an example, processor 110 (FIG. 7) may analyze
the sensed electrical signal when heart 14 1s determined to
be 1n an EMD state. If nerve activity 1s for the vagus nerve
or another parasympathetic nerve and the sensed vagal nerve
clectrical activity indicates a relatively high amount of vagal
nerve activity, then INS 26 may determine that the para-
sympathetic activity of patient 12 1s overexcited. In such a
case, the detected EMD state may be caused by vagal nerve
overexcitation. Processor 110 can compare a signal charac-
teristic of the electrical nerve signal to a predetermined
threshold value (e.g., stored in memory 112) to determine
whether the sensed vagal nerve (or other parasympathetic
nerve) electrical activity indicates a relatively high amount
of vagal nerve activity. In some examples, processor 110 can
supplement the determination by determining whether the
heart rate of patient 12 1s also relatively low. In response to
the vagal overexcitation, processor 110 can controls stimu-
lation generator 114 of INS 26 (or ICD 16) may deliver
stimulation therapy to patient 12 to increase sympathetic
activity to treat the EMD state of heart.

Processor 110 can also apply a similar technique to
determine whether an electrical nerve signal generated by a
sympathetic nerve indicates a relatively high amount of
sympathetic activity. For example, processor 110 can com-
pare a signal characteristic of the sensed electrical nerve
signal of the sympathetic nerve to a predetermined threshold
value (e.g., stored 1n memory 112) to determine whether the
sensed nerve electrical activity indicates a relatively high
amount of sympathetic nervous system activity. Processor
110 can then select the EMD stimulation therapy parameters
based on the determination, e.g., by selecting a therapy
program from memory 112 or adjusting one or more stimu-
lation parameter values of a particular therapy program.

As another example, processor 110 (or another processor)
may determine autonomic activity of patient 12 via inftrac-
ardiac nerve recording. For example, INS 26 and/or ICD 16
may be configured to monitor electrical activity at the
atrioventricular (AV) node. The AV node of patient 12 may
include a large number of parasympathetic nerve fibers. As
such, electrical activity monitored at the AV node may be
used as an 1indicator of excited or depressed parasympathetic
nervous system activity. If ICD 16 senses the electrical
activity at the AV node, ICD 16 can transmit an indication
of the electrical activity or the raw signal to INS 26 via the
respective telemetry modules or another suitable communi-
cation technique. In some examples, the stimulation therapy
delivered to patient 12 from INS 26 to treat heart 14 when
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in an EMD state may be based on the parasympathetic
activity indicated by the sensed AV node electrical activity.

Similarly, processor 110 may determine autonomic activ-
ity of patient 12 via sympathetic ganglion recording. For
example, INS 26 may be configured to monitor electrical
activity at one or more sympathetic ganglia of patient 12.
Sympathetic ganglia of patient 12 may include a high
number of sympathetic nerve fibers. As such, electrical
activity monitored at one or more sympathetic ganglia may
be used as an indicator of excited or depressed sympathetic
nervous system activity. In some examples, the stimulation
therapy delivered to patient 12 from INS 26 to treat heart 14
when 1n an EMD state may be based on the sympathetic
activity indicated by the sensed sympathetic ganglion elec-
trical activity. Additionally or alternatively, in a similar
tashion, processor 110 of INS 26 may monitor parasympa-
thetic ganglion electrical activity, e.g., to 1dentily depressed
or overexcited parasympathetic activity.

FIG. 15 1s a flow diagram illustrating an example tech-
nique for delivering stimulation to patient 12 when heart 14
of patient 12 1s 1n an EMD state. Processor 110 of INS 26
or a processor of another device, or a combination of
processors of one or more devices, can apply the technique
shown 1n FIG. 15, such as by executing machine readable
instructions that are stored in memory 112. Processor 110
can apply the technique shown m FIG. 15 to idenfily
autonomic activity associated with a detected EMD state,
and control stimulation therapy to treat the EMD state that
1s configured based on the autonomic nervous system activ-
ity associated with the EMD state. For ease of illustration,
the example technique of FIG. 15 1s described with regard
to therapy system 10 but 1s not limited 1n 1mplementation to
such therapy system configurations. Moreover, although the
example technique of FIG. 15 1s primarnly described with
regard to INS 26, one or more aspects of the technique may
be performed by ICD 16, programmer 24 or ICD 80 either
in combination with INS 26 or exclusive from that of INS
26.

As 1llustrated 1 FIG. 15, INS 26 momitors by the heart
rate of patient 12, which 1s determined based on electrical
activity of heart 14 sensed via sensing module 119 and
sensor 121 (192). Heart rate can be indicated by, for
example, the heart beats per minute (BPM). In other
examples, ICD 16 can transmit an indication of the heart
rate, €.g., a heart rate value, the raw electrical cardiac signal
or a parameterized indication of the electrical cardiac signal
to INS 26 via the respective telemetry modules 98, 118, and
processor 110 can determine the heart rate based on the
information received from ICD 16. Processor 110 can peri-
odically determine the heart rate of patient 12, e.g., at
predetermined intervals of time, or processor 110 can con-
tinuously determine heart rate.

While momitoring the heart rate of patient 12, processor
110 (FIG. 7) of INS 26 may determine whether heart 14 1s
in an EMD state (194), e.g., using one or more of the
techniques described herein for detecting that heart 14 1s in
EMD state. If processor 110 determines that heart 14 1s 1n an
EMD state, processor 110 analyzes a sensed electrical car-
diac signal (e.g., EGM or ECG) of patient 12 to determine
whether the electrical cardiac signal indicates a relatively
low heart rate (196). For example, processor 110 may
compare the heart rate indicated by the sensed electrical
activity to a threshold value or threshold range determined
to be indicative of a low heart rate. In one example,
processor 110 of INS 26 may classily any heart rate below
approximately 30 BPM, such as, between approximately 20
to approximately 30 BPM, as a low heart rate. The threshold

10

15

20

25

30

35

40

45

50

55

60

65

48

value or threshold range can be predetermined and stored in
memory 112 (FIG. 7). In other examples, the threshold value
or threshold range can be dynamic and can change based on
the historic heart rate of patient 12. For example, the
threshold value that indicates a low heart rate can be a mean,
median, or lowest heart rate for a predetermined time range
preceding the detection of the EMD state.

If processor 110 determines that the heart rate indicated
by the sensed electrical activity 1s not a “low” heart rate, then
processor 110 evaluates one or more indicators of increased
sympathetic nervous system activity to determine 1f the
indicators reflect increased or overexcited sympathetic ner-
vous system activity (198). As described above, suitable
indicators of increased sympathetic activity may include
sensed nerve activity and/or heart rate variability. In some
examples, processor 119 may analyze the heart rate of
patient 12 previously determined to not be a “low” heart rate
to determine whether the heart rate indicated by the sensed
clectrical signals 1s a relatively high or elevated heart rate.
As described above, a “high” heart rate (e.g., a heart rate
greater than approximately 100 BPM, such as, approxi-
mately 100 to approximately 120 BPM, may be an indicator
of increased or overexcited sympathetic nervous system
activity. As with determining whether a determined heart
rate of patient 12 1s low, processor 110 can determine
whether the heart rate indicated by the sensed electrical
cardiac activity 1s relatively high by comparing the heart rate
to a threshold value or threshold range determined to be
indicative of a relatively high heart rate. The threshold value
or threshold range can be predetermined and stored in
memory 112 (FIG. 7). In other examples, the threshold value
or threshold range can be dynamic and can change based on
the historic heart rate of patient 12. For example, the
threshold value that indicates a relatively hugh heart rate can
be a mean, median, or peak heart rate for a predetermined
time range preceding the detection of the EMD state.

If processor 110 determines that that the one or more
indicators of increased sympathetic activity (198) indicate
that the EMD state 1s associated with increased sympathetic
nervous system activity, processor 110 controls stimulation
generator 114 (FIG. 7) to generate and deliver electrical
stimulation to patient 12 that 1s configured to decrease
sympathetic activity (206). In one example, INS 26 delivers
clectrical stimulation having a pulse rate of approximately
10 Hz to approximately 80 Hz, and a voltage amplitude of
approximately 3 volts to approximately 6 volts to one or
more target sites to decrease sympathetic activity. Other
example stimulation parameter values are contemplated.

If processor 110 determines that the heart rate indicated
by the sensed electrical signals 1s a relatively “low” heart
rate, thereby indicating that the detected EMD state may be
associated with overexcitation of the parasympathetic ner-
vous system, processor 110 may mitially determine that the
autonomic nervous system activity associated with the EMD
state includes vagal overexcitation or overexcitation of
another parasympathetic nerve (200). Vagal nerve overex-
citation 1s referenced herein for purposes of example only.
Processor 110 may arrive at a similar determination 1if the
indicator of increased sympathetic activity (198) does not
indicate increased sympathetic nervous system activity after
a determination that the heart of patient 12 1s not a “low”
heart rate. To verily the vagal overexcitation, similar to that
described above, processor 110 may analyze one or more
monitored parameters that may be used as indicators of
overexcited or increased sympathetic activity (202). The
indicator of increased sympathetic nervous system activity
(202) may be the same or different from the indicator of
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increased sympathetic activity (198) analyzed by processor
110 after 1t was determined that the sensed electrical activity
of heart 14 did not indicate a relatively “low” heart rate. In
some examples, processor 110 may additionally or alterna-
tively analyze one or more monitored parameters that may
be used as indicators of overexcited or increased parasym-
pathetic activity, e.g., to verily detected vagal overexcitation
(200).

If processor 110 determines that the indicator of increased
sympathetic nervous system activity (202) reflects increased
sympathetic nervous system activity, processor 110 controls
stimulation generator 114 to generate and deliver electrical
stimulation to patient 12 that 1s configured to decrease
sympathetic activity (206). Conversely, if the indicator of
sympathetic nervous system activity (202) does not reflect
increased sympathetic nervous system activity, processor
110 can control stimulation generator 114 to deliver electri-
cal stimulation to patient 12 that 1s configured to increase
sympathetic activity (204). In one example, stimulation
generator 114, under the control of processor 110, generates
and delivers electrical stimulation having a frequency (e.g.,
a pulse rate) of greater than approximately 100 Hz, and a
voltage amplitude of approximately 5 volts to approximately
10 volts to one or more target sites to increase sympathetic
activity. Other example stimulation parameter values are
contemplated. In some examples, this relatively high fre-
quency stimulation may be initially delivery to “wake-up™ or
bring the heart out of the detected EMD state, e.g., by
inducing one or more mechanical contractions. Similar to
that described above, after a set period of time, INS 26 can
terminate delivery of the high frequency stimulation and
deliver a lower intensity stimulation, e.g., to avoid undesir-
able side-eflects from the high intensity stimulation to the
same or a different tissue site as the high frequency stimu-
lation.

Whether INS 26 delivers stimulation to decrease sympa-
thetic activity sympathetic activity (206) or increase sym-
pathetic activity (204) based on the autonomic nervous
system activity determined to be associated with the EMD
state of heart 14, after delivery of the stimulation, e.g., for
some predetermined time period, processor 110 may deter-
mine whether heart 14 1s still in an EMD state (208). If the
delivered stimulation did not terminate the EMD state (e.g.,
heart 14 1s not contracting 1n a physiologically significant
manner), processor 110 may modily one or more stimulation
parameter values from the previously delivered stimulation
(212) and deliver the modified stimulation to patient 12
(214). As described above, in some examples, 1 order to
modily the one or more stimulation parameter values to find
an ellective neurostimulation therapy that terminates the
EMD state, processor 110 may be configured to sequentially
select a therapy program from a predetermined set of
therapy programs, e.g., defining different stimulation sig-
nals, electrode combinations, and electrode locations. In
some examples, INS 26 may deliver stimulation according
to each program for between approximately 5 seconds to
approximately 60 seconds, and check whether heart 14 1s
still 1n the EMD state after each therapy delivery session
with the selected therapy program. I a therapy program 1s
found to be eflective 1 terminating the EMD state, proces-
sor 110 can continue to control stimulation generator 114 to
generate and deliver therapy according to that therapy
program until the EMD state 1s terminated.

Once the EMD state has been terminated, processor 110
may assess the cardiac and/or autonomic nervous system
state of patient 12 (210). While the EMD state of patient 12
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autonomic state of patient may not have returned to a
desirable state, e.g., a state in which the likelihood of a
subsequent EMD state 1s relatively low. For example, the
heart rate of patient 12 may be elevated or depressed from
that of a desired heart rate. In some examples, the monitored
heart rate may display an undesirable level of variability. In
some examples, processor 110 may determined that the
parasympathetic and/or sympathetic nervous system activity
remains depressed or overexcited. Based on the cardiac and
autonomic assessment, processor 110 can control stimula-
tion generator 114 to generate and deliver stimulation to
manage cardiac and/or autonomic state when determined to
be undesirable. As described above, 1n some examples, INS
26 may continue to delivery therapy to patient 12 for
approximately 30 seconds to approximately 120 minutes
after the EMD state has been terminated as a follow-up
therapy to help assure that EMD state does not imminently
reappear. The stimulation therapy delivered by INS 26 can

initiate at a relatively large amplitude or duty cycle “on”
time to treat an EMD state. Then, after EMD 1s resolved, the
stimulation therapy may be adjusted, e.g., to remain at a
relatively lower amplitude and/or duty cycle or even deac-
tivated.

In some aspects, examples of the disclosure may include
a method comprising determining whether a heart of a
patient 1s 1n an electromechanical dissociation state; deter-
mining autonomic nervous system activity of the patient
associated with the electromechanical dissociation state; and
delivering electrical stimulation to the patient based on the
determined autonomic nervous system activity of the patient
associated with the electromechanical dissociation state.

In one example, determining the autonomic nervous sys-
tem activity of the patient comprises at least one of deter-
mining whether sympathetic nervous system activity of the
patient 1s overexcited or depressed, or determining whether
parasympathetic nervous system activity of the patient 1s
overexcited or depressed.

In one example, the example method further comprising
delivering first electrical stimulation therapy to the patient to
increase sympathetic nervous system activity upon deter-
mining that the heart 1s 1n the electromechanical dissociation
state, wherein delivering electrical stimulation to the patient
based on the determined autonomic activity level comprises
delivering second electrical stimulation therapy to the
patient based on the determined autonomic activity after
delivery of the first electrical stimulation. In some examples,
the first electrical stimulation has a frequency greater than
approximately 100 hertz. In some examples, the second
clectrical stimulation therapy 1s configured to reduce sym-
pathetic nervous system activity.

In one example, determining autonomic activity of the
patient comprising detecting overexcited sympathetic ner-
vous system activity of the patient, and wherein delivering
clectrical stimulation to the patient based on the determined
autonomic activity of the patient associated with the elec-
tromechanical dissociation state comprises delivering elec-
trical stimulation configured to decrease sympathetic ner-
vous system activity to the patient.

In one example, determining autonomic activity of the
patient comprising detecting depressed sympathetic nervous

system activity of the patient, and wherein delivering elec-
trical stimulation to the patient based on the determined
autonomic activity of the patient associated with the elec-
tromechanical dissociation state comprises delivering elec-
trical stimulation configured to increase sympathetic ner-
vous system activity to the patient.
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In one example, determining the autonomic nervous sys-
tem activity of the patient comprises determining the auto-
nomic nervous system activity of the patient based on at
least one of sensed electrical activity of the heart or sensed
clectrical nerve activity.

In one example, determining whether the heart of the
patient 1s in the electromechanical dissociation state com-
prises determining whether the heart of the patient 1s in the
clectromechanical dissociation state based on the at least one
sensed physiological parameter. In some examples, the at
least one physiological parameter of the patient comprises
one or more parameters indicative of mechanical contraction
of the heart.

In some aspects, examples of the disclosure may include
a medical system comprising a stimulation generator and a
processor. The processor determines whether a heart of a
patient 1s 1 an electrical mechanical dissociation state,
determines autonomic nervous system activity of the patient
assoclated with the electromechanical dissociation state, and
controls the stimulation generator to deliver electrical stimu-
lation to the patient based on the determined autonomic
nervous system activity of the patient associated with the
clectromechanical dissociation state.

In one example, the processor determines the autonomic
nervous system activity of the patient by at least one of
determining whether sympathetic nervous system activity of
the patient 1s overexcited or depressed, or determining
whether parasympathetic nervous system activity of the
patient 1s overexcited or depressed.

In one example, the processor controls the stimulation
generator to deliver first electrical stimulation therapy to the
patient to increase sympathetic nervous system activity upon
determining that the heart 1s in the electromechanical dis-
sociation state, and subsequently controls the stimulation
generator to deliver the electrical stimulation to the patient
based on the determined autonomic activity level by deliv-
ering second electrical stimulation therapy to the patient
based on the determined autonomic activity after the deliv-
ery of the first electrical stimulation. In some examples, the
first electrical stimulation comprises a frequency greater
than approximately 100 hertz. In some examples, the second
clectrical stimulation therapy delivered to the patient is
configured to reduce sympathetic nervous system activity.

In one example, the processor determines autonomic
activity of the patient by at least detecting overexcited
sympathetic nervous system activity of the patient, and
wherein the processor controls the stimulation generator to
deliver electrical stimulation to the patient based on the
determined autonomic activity of the patient associated with
the electromechanical dissociation state by at least deliver-
ing electrical stimulation configured to decrease sympathetic
nervous system activity to the patient.

In one example, the processor determines autonomic
activity of the patient by at least detecting depressed sym-
pathetic nervous system activity of the patient, and wherein
the processor controls the stimulation generator to deliver
clectrical stimulation to the patient based on the determined
autonomic activity of the patient associated with the elec-
tromechanical dissociation state by at least delivering elec-
trical stimulation configured to increase sympathetic ner-
vous system activity to the patient.

In one example, the medical system further comprises a
sensor that senses at least one of electrical activity of the
heart or electrical nerve activity, wherein the processor
determines the autonomic activity of the patient based on at
least one of the sensed electrical activity of the heart or the
sensed electrical nerve activity.
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In one example, the medical system further comprises a
sensor that senses at least one physiological parameter of the
patient indicative of mechanical contraction of the heart,
wherein the processor determines whether the heart of the
patient 1s 1n an electrical mechanical dissociation state based
on the at least one sensed physiological parameter of the
patient,

In some aspects, examples of the disclosure may include
a medical system comprising means for determining
whether a heart of a patient 1s 1 an electromechanical
dissociation state; means for determiming autonomic activity
of the patient associated with the electromechanical disso-
ciation state; and means for delivering electrical stimulation
to the patient based on the determined autonomic activity of
the patient associated with the electromechanical dissocia-
tion state.

In one example, the means for determining the autonomic
nervous system activity of the patient comprises at least one
of means for determining whether the sympathetic nervous
system activity of the patient 1s overexcited or depressed, or
means for determining whether the parasympathetic nervous
system activity of the patient 1s overexcited or depressed.

In some aspects, examples of the disclosure may include
a method of treating an electromechanical disassociation
state of a heart of a patient, wherein the method 1s charac-
terized by implanting a medical device system 1n a patient,
where the medical device system comprises a stimulation
generator, and a processor that determines whether a heart of
a patient 1s 1n an electrical mechanical dissociation state,
determines autonomic nervous system activity of the patient
associated with the electromechanical dissociation state
upon determining that the heart 1s 1 the electromechanical
dissociation state, and controls the stimulation generator to
deliver electrical stimulation to the patient based on the
determined autonomic nervous system activity of the patient
associated with the electromechanical dissociation state.

In one example, the medical device system further com-
prise a sensor that generate a signal indicative of the at least
one physiological parameter of the patient indicative of
mechanical contraction of the heart, wherein the processor
determines whether the heart of the patient 1s in the electrical
mechanical dissociation state based on the signal.

Although the examples provided are primarily described
with respect to implantable medical devices and systems,
examples are not limited as such. In some examples, one or
more of the described techniques may be incorporated 1nto
an external device, such as, e.g., as external defibrillator, to
determine 1f a patient’s heart 1s 1n an EMD state and provide
therapy to patient based on the determination. In such cases,
clectrical stimulation may be provided to a patient via one or
more external electrodes positioned proximate an appropri-
ate tissue site of the patient to treat the EMD state as
described herein.

The techniques described in this disclosure, including
those attributed to ICD 16, INS 26, programmer 24, ICD 82
or various constituent components, may be implemented, at
least 1n part, 1n hardware, software, firmware or any com-
bination thereol. For example, various aspects of the tech-
niques may be implemented within one or more processors,
including one or more microprocessors, DSPs, ASICs,
FPGASs, or any other equivalent integrated or discrete logic
circuitry, as well as any combinations of such components,
embodied 1n programmers, such as physician or patient
programmers, stimulators, 1mage processing devices or
other devices. The term “processor” or “processing cir-
cuitry” may generally refer to any of the foregoing logic
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circuitry, alone or in combination with other logic circuitry,
or any other equivalent circuitry.

Such hardware, software, firmware may be implemented
within the same device or within separate devices to support
the various operations and functions described in this dis-
closure. While the techniques described herein are primarily
described as being performed by processor 90 of 1CD 16,
processor 110 of INS 26, and/or processor 130 of program-
mer 24, any one or more parts of the techniques described
herein may be implemented by a processor of one of the
devices 16, 26, programmer 24 or another computing
device, alone or in combination with ICD 16, INS 26 or
programmer 24.

In addition, any of the described units, modules or com-
ponents may be implemented together or separately as
discrete but interoperable logic devices. Depiction of dii-
ferent features as modules or units 1s 1intended to highlight
different functional aspects and does not necessarily 1mply
that such modules or units must be realized by separate
hardware or software components. Rather, functionality
associated with one or more modules or units may be
performed by separate hardware or software components, or
integrated within common or separate hardware or software
components.

When implemented in software, the functionality ascribed
to the systems, devices and techniques described i1n this
disclosure may be embodied as instructions on a computer-
readable medium such as RAM, ROM, NVRAM,
EEPROM, FLASH memory, magnetic data storage media,
optical data storage media, or the like. The nstructions may
be executed to support one or more aspects of the function-
ality described 1n this disclosure.

Various examples of the disclosure have been described.
These and other examples are within the scope of the
tollowing claims.

The 1invention claimed 1is:
1. A method comprising:
sensing at least one physiological parameter of a patient;
determining whether a heart of the patient 1s 1 an
clectromechanical dissociation state based on the at
least one sensed physiological parameter; and

delivering electrical stimulation to a tissue site of the
patient to at least one of modulate aflerent nerve
activity or inhibit efferent nerve activity upon deter-
mining that the heart 1s 1n the electromechanical dis-
soclation state,

wherein the tissue site comprises at least one of a non-

myocardial tissue site or a nonvascular cardiac tissue
site.

2. The method of claim 1, wherein the tissue site com-
prises at least one of an eflerent nerve site or an aflerent
nerve site.

3. The method of claim 1, wherein the tissue site com-
prises a spinal cord of the patient.

4. The method of claim 1, wherein the tissue site com-
prises a tissue proximate to one or more thoracic segments.

5. The method of claim 1, wherein delivering electrical
stimulation to the tissue site of the patient to at least one of
modulate aflerent nerve activity or inhibit efferent nerve
activity upon determining that the heart 1s 1n the electrome-
chanical dissociation state comprises delivering electrical
stimulation to the tissue site of the patient to at least one of
modulate aflerent nerve activity or inhibit efferent nerve
activity but not excite eflerent nerve activity upon determin-
ing that the heart 1s 1n the electromechanical dissociation
state.
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6. The method of claim 1, further comprising withholding
delivery of electrical stimulation to the tissue site when the
clectromechanical dissociation state 1s not determined.

7. The method of claim 1, wherein the at least one
physiological parameter of the patient comprises one or
more parameters indicative of mechanical contraction of the

heart.
8. The method of claim 7, wherein the at least one
physiological parameter comprises at least one of blood
pressure, blood tlow, respiratory rate, tissue perfusion, pul-
satility, blood oxygen concentration, blood sugar concentra-
tion, blood pH or blood calcium concentration.
9. The method of claim 1, wherein determinming whether
the heart of the patient 1s 1n the electromechanical dissocia-
tion state comprises comparing the at least one physiological
parameter of the patient to a threshold value that 1s indicative
of the electromechanical dissociation state.
10. The method of claim 1, further comprising sensing
delivery of at least one of cardioversion or defibrillation
therapy to the heart, wherein delivering electrical stimula-
tion to a tissue site of the patient to at least one of modulate
aflerent nerve activity or inhibit efferent nerve activity upon
determining that the heart 1s in the electromechanical dis-
sociation state comprises delivering the electrical stimula-
tion within approximately 10 seconds of the delivery of the
at least one of cardioversion or defibrillation therapy to the
heart.
11. The method of claim 1, wherein delivering electrical
stimulation to a tissue site of the patient comprises deliver-
ing relatively high frequency electrical stimulation to the
tissue site for a first time period and then delivering rela-
tively low frequency electrical stimulation to the tissue site
for a second time period, wherein the first time period begins
betfore the second time period.
12. The method of claim 11, wherein the high frequency
clectrical stimulation has a frequency 1n a range ol approxi-
mately 50 hertz to approximately 100 hertz.
13. The method of claim 11, wherein the first time period
1s less than or approximately equal to one minute but greater
than zero.
14. A medical system comprising:
a sensor that senses at least one physiological parameter
ol a patient;

a stimulation generator; and

a processor that determines whether a heart of the patient
1s 1n an electrical mechanical dissociation state based
on the at least one sensed physiological parameter and
controls the stimulation generator to deliver electrical
stimulation to a tissue site of the patient to at least one
of modulate aflerent nerve activity or inhibit efferent
nerve activity upon determining that the heart 1s 1n the
electrical mechanical dissociation state, wherein the
tissue site comprises at least one of a nonmyocardial
tissue site or a nonvascular cardiac tissue site.

15. The medical system of claim 14, wherein the tissue
site comprises at least one of an eflerent nerve site or an
allerent nerve site.

16. The medical system of claim 14, wherein the proces-
sor controls the stimulation generator to deliver electrical
stimulation to the tissue site of the patient to at least one of
modulate aflerent nerve activity or inhibit efferent nerve
activity but not excite eflerent nerve activity upon determin-
ing that the heart 1s 1n the electrical mechanical dissociation
state.

17. The medical system of claim 14, wherein the proces-
sor controls the stimulation generator to withhold delivery of
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electrical stimulation to the tissue site when the electrome-
chanical dissociation state 1s not determined.
18. The medical system of claim 14, wherein the at least

one physiological parameter of the patient 1s indicative of
mechanical contraction of the heart.

19. The medical system of claim 14, wherein the at least
one physiological parameter comprises at least one of blood
pressure or blood flow, respiratory rate, tissue perfusion,
pulsatility, blood oxygen concentration, blood sugar con-
centration, blood pH, or blood calcium concentration.

20. The medical system of claim 14, wherein the proces-
sor determines whether the heart 1s 1n the electromechanical
dissociation state based at least 1n part on a comparison of
the at least one physiological parameter of the patient to a

threshold value.

21. The medical system of claim 14, wherein the stimu-
lation generator comprises a first stimulation generator, the
system further comprising a second stimulation generator
that delivers at least one of cardioversion or defibrillation
therapy to the heart of the patient, wherein the processor
controls the first stimulation generator deliver electrical
stimulation to a tissue site of the patient to at least one of
modulate aflerent nerve activity or inhibit efferent nerve
activity within approximately 10 seconds of delivery of the
at least one of cardioversion or defibrillation therapy to the
heart by the second stimulation generator.

22. The medical system of claim 14, wherein the proces-
sor controls the stimulation generator to generate and deliver
a relatively high frequency electrical stimulation delivered
to the tissue site for a first time period immediately follow-
ing a determination that the heart is in the electromechanical
disassociation state and deliver a relatively low frequency
clectrical stimulation delivered to the tissue site for a second
time period, wherein the first time period begins before the
second time period.

23. The medical system of claim 22, wherein the high
frequency electrical stimulation has a frequency between
approximately 50 hertz to approximately 100 hertz.

24. A medical system comprising:
means for sensing at least one physiological parameter of
a patient;
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means for determining whether a heart of the patient 1s 1n
an electrical mechanical dissociation state of a heart of
the patient based on the at least one sensed physiologi-
cal parameter; and

means for delivering electrical stimulation to a tissue site
of the patient to at least one of modulate aflerent nerve
activity or inhibit efferent nerve activity upon deter-
mining that the heart 1s 1n the electrical mechanical
dissociation state,

wherein the tissue site comprises at least one of a non-

myocardial tissue site or a nonvascular cardiac tissue
site.

25. The medical system of claim 24, wherein the means
for delivering electrical stimulation to the tissue site delivers
a relatively high frequency electrical stimulation delivered
to the tissue site for a first time period immediately follow-
ing a determination that the heart 1s in the electromechanical
disassociation state and delivers a relatively low frequency
clectrical stimulation delivered to the tissue site for a second
time period, wherein the first time period begins before the
second time period.

26. A method of treating an electromechanical disasso-
ciation state ol a heart of a patient, wherein the method 1s
characterized by implanting a medical device system 1n a
patient, where the medical device system comprises a stimu-
lation generator and a processor that determines whether the
heart of the patient 1s 1n the electrical mechanical dissocia-
tion state based on at least one sensed physiological param-
cter and controls the stimulation generator to deliver elec-
trical stimulation to a tissue site of the patient to at least one
of modulate afferent nerve activity or inhibit efferent nerve
activity upon determining that the heart 1s 1n the electrical
mechanical dissociation state, wherein the tissue site com-
prises at least one of a nonmyocardial tissue site or a
nonvascular cardiac tissue site.

27. The method of claim 26, wherein the medical device
system further comprise a sensor that generate a signal
indicative of the at least one physiological parameter of the
patient, wherein the processor determines whether the heart
of the patient 1s in the electrical mechanical dissociation
state based on the signal.
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